Draft Environmental Impact Statement

SR 99: ALASKAN WAY viaDucT &  [FAYeJelcigle (Mg
SRS S B RRESSE  Noise and Vibration Discipline Report

JC JC ¢ /C
A o A A e AT
A A A/ aly Al A /el Al s

MARCH 2004 Submitted by:
PARSONS BRINCKERHOFF QUADE & DOUGLAS, INC.

Prepared by:
PARSONS BRINCKERHOFF QUADE & DOUGLAS, INC.

U.S. Department of Transportation - .
(‘ Federal HIghWay T Washington State ‘C“'l‘\ Clty Of
\(/ 4

@ Administration Department of Transportation Seattl e



This Page Intentionally Left Blank



SR 99: ALASKAN WAY VIADUCT & SEAWALL REPLACEMENT PROJECT

Draft EIS

Noise and Vibration Discipline Report
AGREEMENT No. Y-7888
FHWA-WA-EIS-04-01-D

Submitted to:
Washington State Department of Transportation

Alaskan Way Viaduct and Seawall Replacement Project Office

999 Third Avenue, Suite 2424
Seattle, WA 98104

The SR 99: Alaskan Way Viaduct & Seawall Replacement Project is a joint effort between the
Washington State Department of Transportation (WSDOT), the City of Seattle, and the Federal

Highway Administration (FHWA). To conduct this project, WSDOT contracted with:

Parsons Brinckerhoff Quade & Douglas, Inc.

999 Third Avenue, Suite 2200
Seattle, WA 98104

In association with:

BERGER/ABAM Engineers Inc.
BJT Associates

David Evans and Associates, Inc.
Entech Northwest

Envirolssues, Inc.

Harvey Parker & Associates, Inc.
Jacobs Civil Inc.

Larson Anthropological Archaeological Services Limited
Mimi Sheridan, AICP
Parametrix

Preston, Gates, Ellis, LLP
ROMA Design Group
RoseWater Engineering, Inc.
Shannon & Wilson, Inc.

Taylor Associates, Inc.

Tom Warne and Associates, LLC
William P. Ott

SR 99: Alaskan Way Viaduct & Seawall Replacement Project
Noise and Vibration Discipline Report
Draft EIS

March 2004



This Page Intentionally Left Blank



TABLE OF CONTENTS

CRAPLEN L SUMMAIY ...ttt bbbt bbb s e s bbb bbb e bbb bbb e e e bt e bbb b s st et bnas 1
Chapter 2 Background, Studies, and COOrdiNAtION...........ccovvieeiirniceesss et 5
2.1 CharaCteristiCS Of SOUNG........coiiiiiiiiiiiiiiicceee et bbb bbbt b e s e s bbb e 5

2.2 SOUNG LEVEI DESCIIPLONS. ..vvverereriieiiesisis ettt e e ss st b e se s s s e s et b b es b e b e s e e e e s e e saen 8

2.3 TYPICAl SOUNU LEVEIS......ocviiicicicteieist ettt b et b st bbb s s 9

2.4 EffECES OF NOISE ..vcviiiiiici et bbb bbbt bbb b bbb e s nnn e 11

2.5 Noise Regulations and IMPaCt CrEEMIA ............cciieiiiiercreees e senes 11
2.5.1 Traffic NOISE CHEBIIA . ....cueiiiiiiiiiiitc st sn e n s 11

2.5.2 Property LINE CHEBIA....cvivvivririieiesieieteisisiesieeeee e e ettt sese e sese e s s s ssssssssesssnsssssssssnes 12

2.5.3 Hearing ProteCtiON CHLEIA ........ccccviieieieriieecie ettt bbb 14

2.6 CharaCteristiCs Of VIDIAtION ... ..o 14

2.7 VIDFation DESCIPIOIS w..cvevvviiiicicteteteie ittt b bbbttt b sttt b b n s b enes 14

2.8 TYPICAl VIDIAtION LEVEIS ...t s 15

BB =Tl 30 VAT ] T SRR STSRR 16
2.10 Vibration IMPACE CrILEIIA ..........eueerireeieieisieis e 17
2.10.1 ANNOYANCE CHIEEITA. ... ..cvvriereseieiceis bbb 17

2.10.2 Potential Building Damage CHEEMaA........c.ccvvviieriericceieess st 18

2.10.3 Vibration Criteria to Prevent Structural DAMAgE..........ooveerururirririereenninnirereersesisseseseeseseseeens 19

2.10.4 Vibration Criteria Adopted for thiS PIOJECE.........cvcvceececcccieininre e s 20

2.11 Coordination With Agencies and JUNSICHIONS.........ceviiiicneriiscessssn st enes 21
Chapter 3 MEtNOAOIOGY .........veueeiieiiiieii bbb 23
Bl NODISE .ttt ettt bbb bbb oA e e et et bbb bbb e e e et bbbttt rerer R rens 23

K Y1) = TP TSP 27
Chapter 4 Affected ENVIFONMENT........ccviiiiieei ittt bbbt 29
4.1 Study Area ChArACIEIISHICS ........vvveireeresiieisiseieisesei et 29

4.2 EXisting NOISE ENVIFONMENT.......c.oviiicceecccee st 29

4.3 EXisting VIbration ENVIFONMENT..........ccviiiiiiiiices ettt e renns 38
Chapter 5 Operational Impacts and BENEFILS ...........ccverrriiiierssre e 41
5.1 NO BUIIA AEINALIVE 1..cveviviiiirictcieie ettt bbbttt e b bbbttt ebese e s s s n s 41

5.2 REDUIIA AREINALIVE ...ocviviriiiiisiciece et bbbt a bbb n e e nn s 46
5.2.1 Traffic Noise South of the Battery Street TUNNE .........ccoieriiicree s 47

5.2.2 Traffic Noise in Belltown and the North Waterfront..............cccccveviiiiiiicccccccceeie s 47

5.2.3 Traffic Noise North of the Battery Street TUNNEL..........c.cocceveeriieccces e 48

5.2.4 VIDIAtION IMPACES........cvviiiieiiicieitieis bbbt 48

5.3 ACTIAI ALEINALIVE ...vvvviieeieie ettt bbb e e e e e et b bbbt e R e e e e e nr s 49
5.3.1 Traffic Noise South of the Battery Street TUNNE ..........ccoviiriincneee s 49

5.3.2 Traffic Noise in Belltown and the North Waterfront.............cccccevviiiiininnssccecsenene s 50

5.3.3 Traffic Noise North of the Battery Street TUNNEL..........ccccieeiiicccces e 51

5.3.4 Ventilation SYSIEM NOISE.........cuiviiririeiiiiieire et 51

5.3.5 VIDration IMPACES.......ceeeiiiiiiiiiiisiss sttt e e e e n s 51

5.4 TUNNEL ARBINALIVE ..ottt et bbb bbbttt bbb bbbt e b e e s e s n s 51
5.4.1 Traffic Noise South of the Battery Street TUNNEI ........ccveeerriciiiiiinrr s 52

5.4.2 Traffic Noise in Belltown and the North Waterfront.............cccceviiicnieniiicess e 53

5.4.3 Traffic Noise North of the Battery Street TUNNEL............coovieiiincce s 54
SRu99:1AlaskaniWayuViaducti&uSeawalliReplacementuProjectu Marchu2004u
NoiselanduVibrationuDisciplineiReportu i

DraftuelSy



5.4.4Ventilation SYSIEM NOISE........ciririeriisssssissssssssssssesssssssssssssss st sssssssssssssssssssssssssssssssssssssanns 54

5.4.5 VIDIAtION IMPACES.......ocviirriecsiscsiss st sss st sss s ssssss st sssssssssssssssssssssssssssssssssssnssssnns 55

5.5 BYPaSS TUNNEI ARBINALIVE .......ouverrrermresseseessessssessssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesssns 55

5.5.1 Traffic Noise South of the Battery Stre€t TUNNEL..........ovverrereeeenseesssesssssssssssssssssssssssneees 56

5.5.2 Traffic Noise in Belltown and the NOrth Waterfront............oceereeeemreemreesseesssssssssssssnssssneees 56

5.5.3 Traffic Noise North of the Battery Street TUNNEL............cooeerveeeierissssesssssssessssssessssses 57

5.5.4 Ventilation SYSIEM NOISE...........rrermrreusesessessssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 58

5.5.5 VIDIation IMPACES.........uurveermmeressseesessseseesssssessssessssssesssssssssssssssssss s sssssses st ssssssssssssssssssssssssssns 58

5.6 SUMACE ABIMALIVE ......vvoorverseriieessisssisssssssss s ss st ss s ss bbb 59

5.6.1 Traffic Noise South of the Battery Stre€t TUNNEL.........ccccccvveriiseesssrsess s 60

5.6.2 Traffic Noise in Belltown and the North Waterfront.............crrsssssssssssneees 60

5.6.3 Traffic Noise North of the Battery Street TUNNEL ... ssessesssssssssssanns 60

5.6.4 Ventilation SYStEM NOISE........cvuurermreesreessessnesssssssssssesssssessssssssssssssssssssssssssssssssssssssssssssssssssssssnssss 61

5.6.5 VIDIALON IMPACES......veourrerurrerseeesseeesssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnesss 62

Chapter 6 CONSIIUCTION I MPACTS........cvurrrernrersnressnsessnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssssssssssnes 63

.1 INDISE.....cvvrereesseeesseeeessessssesss s s s8R 63

B.1.1 NO BUIID AEINALIVE .......vvveverrrereeesseesssessssssssssessssssssssssssssssssssssssessssssssssssssssssssssssssssssssssssssssssssnesss 65

6.1.2 REDUII ARBINALVE ......oovvvererreeerseeesssesssssssssesssssessssessssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssnesss 65

B.1.3 ACHTAI AEINEALIVE ......veouovererressreessseessnessssnssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssssssssssnssssnnnses 67

B.1.4 TUNNEIARBINALIVE .....ooooveverrerseeessseeesseessssessssssssssssessssssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssnssssnnsses 68

6.1.5 BYpass TUNNEI AIEINALIVE .........crveeureeeieeeiseeesssesssssesssssssesssssssssssssssssssssssssssssssssssssssssssssssnes 69

B.1.6 SUIMACE ABINALIVE ........cvvverrirrriisessssssisesssssss st sssss s ss st essssnenes 70

B.2 VIDTALION ...ttt 70

Chapter 7 Secondary and CumUIAtiVe IMPACES.........cccc.rrriecsiissssessssssss st ssssssssssssssssnes 73

ChapLer 8 MILIQALION.........ccvuecrieeriecsss sttt e 75

8.1 OPETAONAI NOISE .....cvvereeireessseeeessseeeessseeeessseesessseesess st 75

8.1.2 MItIGALION OPLIONS.....vvvvuereersssersssseesessseseessssesessssessss s ssss st 76

8.1.3 Mitigation of Traffic NoiSe IMPACtEd RECEIVEIS........wwwurreiereirnessssessssssssssssssssssssssessssssssssns 77

8.1.4 Mitigation of VENLIlAtion NOISE..........ccccrwuriirriesisesiissssssssssssssessssssssssssssssssssssssssssssssssssssssssnssses 81

8.2 CONSEIUCTION NOISE......oouureerserissesesseeesseesssessssssssssse st st st 81

8.3 CONSIIUCHION VIDTAHON. .....vovuervisresscesseessessssssssssse st st st sss s ss st ss bbb 83

CRAPTET 9 RETEIBINCES ......oorvereriiieieses st s ss s8R 85
LIST OF EXHIBITS

Exhibit 1-1. Summary of Noise and Vibration Impacts and MIIGAtION ...........ceeeemeriesisesessssssssssssssssssssseeees 3

Exhibit 2-1. Effect of Terrain on SOUNA PrOPAJALION.........c...rvemerirresriersssssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssses 7

Exhibit 2-2. Effect 0f REMIECIEU SOUNG........c.ucrreerrecreiciereisesesssssssssssssssssssssssssssss st sssssssssssssssssssssssssssssssssssssssssssssssssssssses 8

Exhibit 2-3. Example of Two Sound Patterns with the Same Leg (1 MINUEE)........rrvereerereeriseeeeseesessssssessssesesssenees 8

EXhibit 2-4. TYPICAI SOUNT LEVEIS..........cvvcriieceeisssisestisss s sssssssss s sss s ssssssssssssssssssssssssssssssssssssssssssssssseses 10

Exhibit 2-5. Typical Outdoor Sound Levels in Various ENVIFONMENTS..........cc.rrireeesessssesssssssesssssssssssssnsenes 11

Exhibit 2-6. FHWA NOISE ADIEMENT CHILEIIAL........vvreurreesrressrressnessssssssnessssssssssssssssssssssssssssssssssssssssssssssssssssssssnssssssssssseses 12

Exhibit 2-7. City of Seattle Maximum Permissible Sound LEVEIS (ABA) .........ccvuerermereimeresssssessssessssssessssssesssssnnees 13

Exhibit 2-8. Common Vibration SOUICES @NU LEVEIS.........c..reiriririessse s ssssssssssssssssssssssssssssssssssssssssssssssseses 16

Exhibit 2-9. Criteria for Annoyance Caused by Ground-Dorne VIDIatioN..............eeremeesreeesnssssssesssssssnenes 18

SR 99: Alaskan Way Viaduct & Seawall Replacement Project March 2004

Noise and Vibration Discipline Report i

Draft EIS



Exhibit 2-10. Structural Categories ACCOrding t0 SN 640312..........ovverreerrmerisssssssssssssssssssssssssssssssssssssssssssesss 19

Exhibit 2-11. Acceptance Criteria 0f SN BA03L2............oneruurerimeriseesssseesssssessssssssssssssssssssssssss s sssssssssssssssssssses 20
Exhibit 3-1. Noise Measurement Results with Viaduct Open and CIOSE............uervereieresesesssssesssesesssesessses 25
EXNIDIt 4-1. PrOJECE VICINILY ....cvvvuevvvscsisessisesssiessssssssssssssss s ssssssssssssssssss s ssss st sssssssssssssssssssssssssssssssssssseses 30
Exhibit 4-2. Twenty-four Hour NOiSE MeaSUrEMENT RESUNS. ... sssssssssssssssssssssssssssssssssssssssssnseses 31
Exhibit 4-3. Noise Receptor LOCALONS — CONIAL............irummerisrereseessssseesssssessssssssssssssssssssssssssssssssssssssssssssssssnes 32
Exhibit 4-4. Noise Receptor LOCALIONS — NOMN .........vvvurceirerisesisessssssessssssesssssssssssssssssssssssssssssssssssssssssssssssnnes 33
Exhibit 4-5. Daily Noise Patterns at SEIeCt StUAY Ar€a SILES ........c.courvririimsrinssinssssssesssssssssssssssssssssssssssssssssssssssssens 34
Exhibit 4-6. Short-Term N0iSe MeaSUrEMENE RESUIS............vwerreerrrerreerneesssessssssssssssssssssssssssssssssssssssssssssssssssssseses 34
Exhibit 4-7. Additional Short-term Noise MeasUremMent RESUIS.............wweerremreriseesiseesessssesesssssssssssessssssesssssns 36
Exhibit 4-8. Modeled Existing Traffic Leg(n) NOISE LEVEIS ........vvuereiiriiesiisesissssssssssss s sesssssssssssssssssssssssssnns 36
Exhibit 4-9. Additional Modeled Existing Traffic Leq(n) NOISE LEVEIS..........ovvvervnricinceissssieseisssssesssssssssssssenes 37
Exhibit 4-10. Ambient Vibration Levels Along Alaskan Way VIAQUCL.............occcreerereiesreseesesssesesssssessssssesessaes 39
Exhibit 4-11. Vibration MeasuremMeNt LOCALIONS ..........cu.uurrerrerrisssssssssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssseses 40
Exhibit 5-1. Modeled 2030 Peak Traffic Leg(h) NOISE LEVEIS ........c..eeviierriecrieesiiessssssssssssesssssssssssssssssssssssssssssssssnenes 42
Exhibit 5-2. Additional Modeled 2030 Peak Traffic Leg(n) NOISE LEVEIS..........cccvverrvvicrriieeriiseeseisesesissessssssessssss 43
Exhibit 5-3. Number of Receptors Experiencing NOISE IMPACLS ...........rrueereseerismeessssseesessseesssssesssssssessssssesssssnes 43
Exhibit 5-4. Noise Profile EVAlUALION LOCALION........c..riireirreissssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssneses 44
Exhibit 5-5. No Build Alternative Noise Profile at SPring SIEEL...........cirnrinriniesessssssss s ssssissssssssesssssssssssens 45
Exhibit 5-6. Rebuild Alternative Noise Profile at SPring SIEEL........creieseesssssssessessssssssssssssssssssssssssseses 48
Exhibit 5-7. Aerial Alternative Noise Profile at SPring ST ... sssssse s 50
Exhibit 5-8. Tunnel Alternative Noise Profile at SPring SIEet.........ccvrrieririesissesessse s ssssssssssssnes 53
Exhibit 5-9. Bypass Tunnel Alternative Noise Profile at SPring SIrEet..........oerinriesssisssessssssssssssssessssssens 57
Exhibit 5-10. Surface Alternative Noise Profile at SPring SIEEL..........corrreieieeesssssessessssssssssssssssssssssssneses 61
Exhibit 6-1. Typical Construction EQUIPMENE NOISE LEVEIS..........curverrrreiesiseessssessssssssssssssessssssssssssessssssesssssns 64
Exhibit 6-2. Noise Levels Typical Of Pile PIACEMENL............ccoccvivviierriiseesissssise s sssssssssssssessssssssssssssssssssssssssssssnseses 67
Exhibit 6-3. Hoe Ram and Jack Hammer VIDIation LEVEIS.............coreeireriresssesssisesssssssssssssessssssssssssssssssssnes 71
Exhibit 6-4. Impact Pile Driving VIDIation LEVEIS ... ssssseesssssesssssssssssssssssssssessssssssssssssssssssnes 72
Exhibit 8-1. Mitigation Allowance for NOISE IMPACES .........wvuemrerurmeriseessseessssesssssssssssssssssssssssssssssssssssssssssssesssssns 75
Exhibit 8-2. Effectiveness of Eliminating NOISE REIECHONS.............ouvrvicrinesiinessssssesssesssisssssssssssssssssssssssssssenes 78
Exhibit 8-3. Effectiveness of Enclosing the Lower Deck 0f the VIAAUCL..........ccccrereeeseessesssesssesssssssssssssenes 79
Exhibit 8-4. Evaluation of Noise Wall at Tunnel Transition for the Tunnel AREIELIVE .........cc.cerveemereeerneereesnneeeess 80
ATTACHMENTS

Attachment A List of Preparers

SR 99: Alaskan Way Viaduct & Seawall Replacement Project March 2004
Noise and Vibration Discipline Report iii

Draft EIS



ACRONYMS

ANSI American National Standards Institute

dB decibels

dBA A-weighted decibels

EPA United States Environmental Protection Agency
FHWA Federal Highway Administration

FTA Federal Transit Administration

Hz hertz (cycles per second)

ISO International Organization for Standardization
Lin day/night sound level

Leg equivalent sound level

Liax maximum sound level

Linin minimum sound level

OSHA Occupational Safety and Health Administration
Pa Pascal

PPV peak particle velocity

rms root mean square

SMC Seattle Municipal Code

SR State Route

TNM Traffic Noise Model

VdB vibration decibels

WAC Washington Administrative Code
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Chapter 1 SUMMARY

TheuStateiRoutel(SR)I9NAlaskaniWayiViaductiandiSeawalliReplacementu
ProjectuisilocatediwithinitheiurbanucoreuofiSeattle.wEnvironmentalinoiseulevelsy
fromubothutransportationianduotherusourcesiareutypicaliofianuurbany
environment,landutheretisiathighidensityuofinoisersensitiveureceptorsuinutheu
projectivicinity.uwFiveiBuildiAlternativesiandiseveralioptionsiforireplacementu
ofithewviaductianduseawalliwerelevaluated.u

Analysisiofinoiselimpactsuinitheustudyuareaicomparesipredictedifutureinoisel
levelsiwithiexistingulevelsiandiapplicableicriteria.wConstructionunoisesimpactsi
areudescribedibaseduionianticipatediconstructionuactivitiesiandutypicalinoiseu
levelsiforiconstructioniequipment.uTrafficunoiseulevelsiareipredictediatispecificu
noisersensitiveulocationsi(receptors)iusingitheiFederaliHighwayu
Administrationi(FHWA)uTrafficuNoiseiModeli(TNM).uMitigationumeasuresi
thatuimayubeitakenitolavoidiorireduceupotentialinoiselimpactsiareidiscussedu
wherelappropriate.u

Environmentalinoiselisicomposediofimanyufrequencies,ieachioccurringu
simultaneouslyuatiitsiownusoundupressureulevel.wAicommonudescriptoruforu
environmentalinoisetisithelequivalentisoundulevelu(Leq) laisoundienergyu
averagelreportediiniArweightedudecibelsi(dBA)itolaccountiforuthowithethumanu
earurespondsitoisoundifrequencies.uTouthesthumanuear,iausuidBAuchangeuinu
noiselisuireadilyinoticeable.wAul0udBAudecreaseiwouldisoundulikeitheunoisel
leveluhasibeenucutiinuhalf.u

Trafficunoisetimpactsioccuriwhenutrafficinoiseulevelsiapproachuoriexceedutheu
FHW Aunoiselabatementicriterialorisubstantiallylincreaseicompareduitolexistingu
levels.wNoiseifromuotheruisources,lincludingiconstructioniequipment,isi
regulatedubyuCityuofiSeattleupropertyilineinoiseulimits.u

Touevaluateutrafficinoiselimpacts,i48isites,irepresentingiapproximatelyu4,600u
residentialiunitsiandiotherunoisersensitiveiuses,iwereimodelediusingiTNM.uw
Trafficunoiseulevelsiati43uofither48umodeledusitesicurrentlyiapproachuoriexceedu
thesFHWAunoiselabatementicriteria.wTheinumberiofisensitiveureceptorsithatu
wouldibelaffectedibyunoiseiunderieachuofithelalternativesiisisummarizeduiny
Exhibitilil.wMitigationimeasuresiwerelevaluateditoulimituinoiselanduvibrationy
impactsifromubothiconstructioniandulongrtermuoperation.u

Expectedi2030upeakitrafficinoiseulevelsiinitheicentraliwaterfrontiareaiwouldubel
noticeablyuloweriforitheiTunneliandiBypassiTunneliAlternatives.uForu
example,iatitheiColmanuDock,ithei2030ubaseline,iRebuild,iAerial landiSurfaceu
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Alternativesiwouldubeu74utou751dBA iwhileitheiTunneliandiBypassiTunnelu
Alternativeinoiseulevelsiwouldibeu63utou65idBA i

Theu2030upeakutrafficinoiseulevelsiatiwWaterfrontiParkianditheuSeattlesAquariumu
areu70utou7 ludBAuandu73utou74udBA urespectively,iforithei2030uNouBuild,i
Rebuild,jandiAerialiAlternatives.uwAtitheseisamellocations,itheiSurfacel
AlternativeiwouldulowerinoiseulevelsibyiapproximatelyididBA ianditheinoisel
leveliwouldidropunoticeablyubyu9utoul OudBAuforitheiTunneliandiBypassiTunnely
Alternatives.uu

AtitheitHarboriSteps,itheiTunneliandiBypassiTunneliAlternativesiwouldulowery
noisellevelsibyiaboutisudBAicomparedutouthei2030uN ouBuild,uRebuild,uAerial
anduSurfacelAlternatives.wAlliofithelalternativesimayucauseinoiseulevelsiaty
VictoriSteinbrueckiParkutoufluctuateubyuludBAifromuthei2030uN ouBuild,ubutithisu
changeiwouldinotibeinoticeableitoupeople.wOverall,itheiTunneliandiBypassi
TunneliAlternativesiwouldireduceinoiseulevelsialongitheicentraliwaterfrontu
area,iwhichiwouldimakeuthelareaimoreupleasantiforuipedestrians,iresidents,i
andunearbyubusinessesicompareduitouthelotherialternatives.u

Vibrationuisianuoscillatoryumotion,iwhichucanubeudescribeduinitermsiofitheu
displacement,ivelocity,loriacceleration.uVibrationliimpactsirelateitolannoyancel
andutheupotentialiforustructuralidamage.uwNowannoyancelimpactsivwouldioccury
insidetbuildingsiduringioperation.uDuringuviaductidemolition,ibuildingst
closerithanu100ufeetivwouldiexceeditheidamagetriskicriteriaiforiextremelyu
fragileubuildings.uTheicriteriaiforuineweribuildingsiwouldinotibelexceedediaty
25ufeet.wForupileudriving,ubuildingsicloserithani400ufeetiwoulduexceeditheu
damageiriskicriteriaiforiextremelyufragileibuildings,iwhileiati5Oufeetitheyu
wouldinotiexceeditheucriteriaiforineweribuildings.u

Underualliofithelalternatives,inoiseuforucertainuty pesioficonstructioniactivities,u
likewpileudrivingianduviaductidemolition,lisiexpecteditolexceediCityuofiSeattleu
noiselregulations.mExceedancesiarelexpectedutoloccuriinitheidaytimeiandu
nighttime,iwhichuwouldirequirelainoisewvarianceifromutheuCityuofiSeattle.wTheu
RebuildianduAerialiAlternativesiwouldihaveugreaterinoiselandivibrationu
impactsicompareditouthelotherialternativesibecauseiconstructionuofitheiru
structuresithroughutheucentraluiprojectiareaiwouldirequirelaiconsiderableu
amountuofipileidriving.wTheiRebuildiAlternativeiwoulduhaveitheugreatestu
amountiofinoiselanduvibrationuimpactsibecauselitirequiresimoreipileidrivingu
thanutheuotherialternatives.u
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Exhibit 1-1. Summary of Noise and Vibration Impacts and Mitigation

Construction
Alternative Impacts Operation Impacts Mitigation Measures
NouBuildu Noneu Trafficuinoiseulevelsiwerel Noneurequiredu
modeleditolapproachuoru
exceedithesFHWAuNoisel
abatementicriteriaiatui42u
modeledisitesirepresentingu
approximatelyu4,490u
residentialuunits,i1,290uhotely
rooms,landi120ushelterubeds.u
Rebuildu Duringutheu7.51yeani  Trafficinoiseulevelsivwereu Auconstructionunoiseu
constructionu modeleditolapproachuoru controlyprogramiwouldibeu
period,inoiseu exceedithelFHWAuNoisel implementeduitoireducel
wouldibeu abatementicriteriaiatui43u constructionunoiselimpacts.iu
bothersomeitou modeledisitesirepresentingl  Soundiabsorptiveimaterials:
nearbyuresidentsu approximatelyu4,490u mayibeiusedionithetbottomu
andibusinesses.uu residentialiunits,u1,290thotell  ofitheyuppernideckiofithey
rooms,landi120ishelteribeds.  repuiltiviaductitoureducer
trafficunoiseulevelsialongitheu
centraliwaterfront.u
Aerialu Duringutheilltyeart = Trafficinoiseulevelsiwereu Auconstructionunoiseu
constructionu modeleditolapproachuoru controlyprogramiwouldibeu
period,inoisel exceedithelFHWAuNoisel implementeduitoireducel
wouldubey abatementicriteriaiatui43u constructionunoiselimpacts.iu
bothersomeitou modeledisitesirepresentingl  Soundiabsorptiveimaterialsi
nearbyuresidentsu approximatelyu4,490u mayibeiusedionithetbottomu
andibusinesses.uu residentialiunits,u1,290thotell  ofitheyuppenideckiofithey
rooms,landil20ishelteribedsy  newwviaductitoureducel
trafficunoiseulevelsialongitheu
centraliwaterfront.uw
Tunnelu DuringutheOryeary = Trafficinoiseulevelsiwereu Auconstructionunoiseu

BypassiTunnely

constructionu
period,inoisel
wouldubeu
bothersomeitou
nearbyuresidentsu
andibusinesses.uu

Duringutheu8.51yean
constructionu
period,inoisel
wouldubeu
bothersomeitou
nearbyuresidentsu
andubusinesses.u

modeleditolapproachuoru
exceedithelFHWAuNoisel
abatementicriteriaiati29u
modeledisitesirepresentingu
approximatelyu4,250u
residentialiunits,i1,290uhotelu
rooms,landu120ushelteribeds.u

Trafficuinoiseulevelsiwerel
modeleditolapproachuoru
exceedithesFHWAuNoisel
abatementicriteriaiati31u
modeledisitesirepresentingu
approximatelyu4,360u
residentialuunits,i1,290uhotely
rooms,landi12Qushelteribeds.u

controluprogramivwouldibeu
implementeduitoireducel
constructionunoiselimpacts.u

[

Auconstructionunoisel
controluprogramiwouldibeu
implementeditoureducel
constructionunoiselimpacts.u

I
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Exhibit 1-1. Summary of Noise and Vibration Impacts and Mitigation (continued)

Construction
Alternative Impacts Operation Impacts Mitigation Measures
Surfaceu DuringutheiBryeary = Trafficinoiseulevelsiwereu Auconstructionunoisel

constructionu
period,inoiseu
wouldubeu
bothersomeitou
nearbyuresidentsu
andubusinesses.u

modeleditolapproachuoru
exceeditheslFHWAuNoisel
abatementucriteriaiati38u
modeledisitesirepresentingu
approximatelyu4,490u
residentialuunits,i1,290uhotely
rooms,landi120ushelteribeds.u

controluprogramiwouldibeu

implementedutoureducel

constructioninoiselimpacts.u

I
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Chapter 2 BACKGROUND, STUDIES, AND
COORDINATION

2.1 Characteristics of Sound

Sound is created when objects vibrate, resulting in a minute variation in
surrounding atmospheric pressure called sound pressure. The human ear’s
response to sound depends on the magnitude of a sound as a function of its
frequency and time pattern (EPA 1974). Magnitude measures the physical
sound energy in the air. The human ear detects variations in pressure as
small as 20 pPascals (10 Pascals). Sound pressure greater than about 100
Pascal (Pa) is painfully loud. This range of magnitude from the faintest to the
loudest sound the ear can hear is so large that sound pressure levels are
expressed on a logarithmic scale in units called decibels (dB) that quantify the
energy contained in the sound pressure. A sound pressure of 20 pPa is
defined as 0 dB (the threshold of hearing for a healthy ear), while a sound
pressure of 100 Pa is about 130 dB (the approximate threshold for pain).

Because of the logarithmic decibel scale, a doubling of the number of noise
sources, such as the number of cars operating on a roadway, increases noise
levels by 3 dB. A tenfold increase in the number of noise sources will add 10
dB. As a result, a noise source emitting a noise level of 60 dB combined with
another noise source of 60 dBA yields a combined noise level of 63 dB, not 120
dB.

Loudness, compared to physical sound measurement, refers to how people
subjectively judge a sound and varies from person to person. The human ear
can better perceive changes in sound levels than judge the absolute sound
level. A 3 dB increase is barely perceptible, while a 5 or 6 dB increase is
readily noticeable and sounds as if the noise is about one and one-half times
as loud. A 10 dB increase appears to be a doubling in noise level to most
listeners.

Humans also respond to a sound's frequency or pitch. The human ear can
perceive sounds with a frequency between approximately 20 and 20,000 hertz
(Hz), but it is most effective at perceiving sounds between approximately
1,000 and 5,000 Hz. Environmental sounds are composed of many
frequencies, each occurring simultaneously at its own sound pressure level.
Frequency weighting, which is applied electronically by a sound level meter,
combines the overall sound frequency into one sound level that simulates
how an average person hears sounds. The commonly used frequency
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weightinguforienvironmentalisoundstisiAiweightingu(dBA),iwhichuisimostu
similaritoihowthumansuperceiveisoundsiofilowitoimoderateimagnitude.u

Soundulevelsidecreaseuasitheidistancelincreasesifromitheisoundisource.wForuau
lineusourceisuchuasiauroadway,isoundulevelsidecreaseididBAuoverihardigroundi
(concrete,ipavement)ioru4.5udBAloverisoftigroundu(grass)iforieveryidoublingu
ofidistanceubetweenitheisourcelanditheureceptoru(individualihearingitheinoise).uw
Foruaupointisourceusuchuasiaipieceloficonstructionioruiventilationiequipment,u
soundulevelsidecreaseibetweenu6iandi7.5idBAuforieveryidoublinguofidistanceu
fromutheisource.u

Theupropagationiofisoundicanibeugreatlyuaffectedibyuterrainianditheuelevationu
ofitheureceiverurelativeitoitheisoundisource.ulLeveligrounduisitheisimplesticase. i
Noiseutravelsiiniaistraightilinezrofisightupathubetweenitheisourcelanditheu
receiver.uTheladditionuofiaubermuoriotheriareaiofinighuterrainureducesitheu
soundienergyuarrivinguatitheureceiver.uBreakingutheulinelofisightibetweenutheu
receiveriandithethighestisoundisourceuresultsiiniaisoundulevelireductionuofu
approximatelyusudBA.i

Ifitheusourcelisidepressedioritheureceiveruisielevated,isoundigeneral lyuwilly
travelidirectlyutoutheureceiver.ulnuisomelusituations,isoundulevelsimayubel
reducedibecauseutheuterrainicrestsibetweenutheisourcelandureceiver,uresultingu
inuaupartialisoundubarrierinearutheureceiver.ulnitheicaselofitrafficinoise, uifitheu
roadwayuisielevateduoritheureceiverlisidepressed,inoiseimayubeireduceduatitheu
receiver,ibecauseitheledgelofitheiroadwayucaniactiasiaupartialinoiseubarrier,l
blockinguisomeusounditransmissionubetweenitheusourcelandireceiveri(Exhibitu
211).uTheueffectivenessiofitheushieldinguisiaifunctionuofitheladditionalulengthu
theunoiseimustitravelioverithelbarriericompareditolaustraightupath.uw

Soundimayualsoubeureflectedufromubuildingsiandiotherusolidustructures.winy
certainucasesiwhenudirectisounduisiblockedibyuatbarrierioriotherishielding,itheu
reflectedisoundimayubeugreaterithanitheisounduarrivingudirectlyuatitheureceiveru
(Exhibitu212).u

Noiseulevelsifromutrafficisourcesidependionivolume,ispeed,ianditheuty peuofi
vehicle.wGenerally lanuincreaselinivolume,ispeed,iorivehicleisizelincreasesi
trafficunoiseulevels.wVehicularinoiselisiaicombinationuofinoisesifromutheu
engine,lexhaust,ianduitires.uwOthericonditionsiaffectingutrafficinoiselincludeu
defectiveumufflers,isteepugrades,iterrain,ivegetation,idistanceifromutheu
roadway landishieldingubyubarriersiandibuildings.u

[
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430% NONE NEAR SOURCE NEAR RECEIVER
A
%
May be some noise reduction Barrier is very effective Barrier has no effect
ELEVATED by terrain
Noise travels directly Barrier is effective Barrier is effective
LEVEL to the receiver
May be some noise reduction Barrier has no effect Barrier is effective
DEPRESSED o
Parsons Brinckerhoff, 2003

Exhibit 2-1. Effect of Terrain on Sound Propagation
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Reflected noise may be greater than direct noise

Parsons Brinckerhoff, 2003

Exhibit 2-2. Effect of Reflected Sound

2.2 Sound Level Descriptors

Aiwidelywusedidescriptoruiforienvironmentalinoisetisithelequivalentisoundu
leveli(Leq).wThelleqlisiaumeasurelofithelaverageisoundienergyuduringuau
specifieduperiodiofitime.uLeqisidefinediasitheiconstantilevelithat,ioveriaigiveny
periodiofitime,itransmitsitoutheureceiveritheisameliamountiofiacousticalienergyu
asithesactualitimervaryingusound.uwBecauseitheisoundulevel uinidBA urepresentsi
soundienergyulogarithmically,uoccasionalihighisoundienergyulevelsihaveimoreu
effectitonuLequthanudoesitheigeneralibackgroundisounduienergyulevel.wTwou
soundupatterns,ionelofivwhichuhasiailoweribackgroundulevelibutiathigheru
maximumulevel,icanihaveutheisamellequ(EXhibitui213).uu

70 -

65 -

60 1 Leq =57 dBA

55

50 —

Sound Level (dB)

45

40 T T T T T 1
0 10 20 30 40 50 60

Time (seconds)

Parsons Brinckerhoff, 2003

Exhibit 2-3. Example of Two Sound Patterns with the Same Leq (1 minute)
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Leqwmeasuredioveriailrthouruperiodiisitheshourlyileqi[ Leq(h)],uwwhichuisuusediforu
highwayunoiselimpactiandiabatementianalyses.uTheiday/nightulevelu(Lan),uau
dailyiaveragedinoiseulevelithatiranksinoiseithatioccursiduringitheleveninguoru
nightumoreuheavily lisioftenuireported.uTheulLaniaddsi10udBAutounoiseulevelsithatu
occuribetweenu10up.m.uiandu7ua.m.uLanlisiusediforitransitunoiselimpactiandu
abatementianalysesitouresidentialiareas.

Shortitermunoiseulevels,isuchuasithoseifromuausingleutruckupassinguby icanubeu
describeduibyueitheritheutotalinoiselenergyuorithethighestiinstantaneousinoisel
levelithatioccursiduringuthetevent.uwTheisoundiexposureuleveliisiaimeasurelofu
totalisoundienergyufromianievent,ianduisiusefuliinideterminingiwhatitheuleq
wouldibetoveriauperiodiinuitimeiwhenuseveralinoiseleventsioccur.uTheu
maximumusounduleveli(Lmax)uisitheugreatestishortidurationisoundulevelithaty
occursiduringuaisinglelevent.uwLmaxiisirelateditolimpactsionuspeechuinterferencel
andusleepudisruption.wlnicomparison,iLminlisitheiminimumusounduleveliduringu
auperioduofitime.u

Peopleiwillioftenifindiaumoderatelyuhigh,iconstantisoundulevelimoreutolerableu
thanuauquietibackgrounduleveliinterruptedibyufrequentihighilevelinoiseu
intrusions.wAniindividual’siresponseitoisoundidependsigreatlywuponuthe
rangeuthatitheisounduvariestiniaigivenienvironment.uwForiexample,isteadyu
trafficunoiserfromuathighwayuisinormallyulessibothersomeuthanioccasionali
aircraftuflyoversiinuaurelativelyiquietiarea.ulnulightiofithisisubjectiveuresponse,l
ittisioftenuusefulitoulookuatiastatisticaludistributioniofisoundulevelsioveruau
givenitimeuperiodiinuadditionutoithelaverageisoundulevel.wSuchudistributionsi
identifyutheisoundileveliexceededianditheipercentagelofitimeiexceeded;u
therefore,laistatisticalidistributionuallowsiforiaumoreithoroughudescriptionuofu
theuwrangelofisoundulevelsiduringutheugivenimeasurementiperiod.wTheseu
distributionsiaresidentifiediwithianuLniwhereunuisitheupercentagelofitimeuthatu
theulevelsiareliexceeded.uForiexample,itheulioileveliisitheunoiseulevelithatuisy
exceededulOupercentiofitheitime.u

2.3 Typical Sound Levels

TypicaliAiweightedisoundulevelsifromuvariousisourcesiareipresenteduiny
Exhibiti214.uTheisoundienvironmentsidescribedubetweenuaiquietiwhisperuoru
lightiwinduatui30udB Autovasjetitakeoffiatil 20udB Audemonstrateutheugreatirangeuofu
thesthumanuear.wAutypicaliconversationuisiinutheirangeiofu6Outou70udBA .
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Exhibit 2-4. Typical Sound Levels

Sound Level

Transportation Sources (dBA) Other Sources Description
u 130 U Painfullyuloudu
Jetitakeoffu(200ufeet)u 120 U U
Canthornu(3ufeet)u U U Maximumuvocalu
u 1100 I effort
u 100u Shoutu(0.5ufeet)u I
u I I Verylannoyingu
Heavyutrucku(50ufeet)u 90u Jackihammeru(50ufeet)u Lossiofihearinguwithu
u U Homeushoputoolsi(3ufeet)u prolongediexposure:
Trainonuaustructureu(50ufeet)u 851 Backhoeu(50ufeet)u I
Cityubusi(50ufeet)u 80u Bulldozeru(50ufeet)u Annoyingu
u I Vacuumicleaneru(3ufeet)u u
Trainu(50ufeet)u 75U Blenderu(3ufeet)u u
Cityubuslatustopu(50ufeet)u I U U
Freewayutrafficu(50ufeet)u 700 Lawnumowveru(50ufeet)u u
u I Largeuofficeu U
Trainuinustationu(50ufeet)u 65U Washingimachineu(3ifeet)u Intrusivel
u 60u TVu(10ufeet)u U
Lightitrafficu(50ufeet)u U Talkingu(10ufeet)u u
Lightutrafficu(100ufeet)u 50 U Quiety
u U Refrigeratoru(3ifeet) U
u 400 Libraryu U
u 30 Softiwhisperu(15ufeet)u Veryiquiety

Sources:mUSDOTU(1995);iEPAI(1971,u1974) 4

U

Backgroundienvironmentalisoundulevelsivaryuwwidelyuinudifferentu

environments.uTheiUnitediStatesiEnvironmentaliProtectioniAgencyu(EPA)u
evaluatediLanisoundulevelsiativariousilocationsiandihasidevelopeduqualitativel
descriptionsiofitheisoundienvironmentsithatiexperienceuwvariousisoundulevelsy
(Exhibiti215).uTheuLanleveliisiaimeasurelofiz4mhourienvironmentalisoundst
anduisioftenulowerithanitheupeakulihourisoundulevelsithatiarelevaluateduinuthisy

report.u
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Exhibit 2-5. Typical Outdoor Sound Levels in Various Environments

Qualitative Description Lan (dBA)
' 85U
CityuNoiseu(DowntowniMajoriMetropolis)u 323
VeryiNoisyuUrbanu 701
NoisytUrbanu 651
Urbani 60
Suburbani 55
SmalliTowniandiQuietiSuburbany igj
: 401

Source:mEPAI(1974).4
U

2.4 Effects of Noise

Environmentalinoiselatthighuintensitiesudirectlyuaffectssthumanuhealthubyu
causinguhearinguloss.uwAlthoughuscientificievidenceucurrentlyuisinoticonclusive,u
noiselisisuspectedioficausinguoriaggravatinguotheridiseases.wEnvironmentalu
noiselindirectlyiaffectsithumaniwelfareibyuinterferinguwithusleep,ithought,iandu
conversation.uwTheiFHWAunoiselabatementicriterialareibasedionuspeechu
interference iwhichuisiamwellidocumentediimpactithatuisirelativelyu
reproduciblelinthumanuresponseustudies.u

2.5 Noise Regulations and Impact Criteria

2.5.1 Traffic Noise Criteria

Applicableinoiseiregulationsiandiguidelinesiprovidelaibasisiforievaluatingu
potentialuinoiselimpacts.uwForifederallyifundedihighwayuprojects,itrafficinoiseu
impactsioccuriwhenupredictedileq(h)unoiseulevelsiapproachuoriexceedutheu
FHWA'siestablishedunoiselabatementicriteriaiorisubstantiallyiexceeduexistingu
noisellevelsi(USDOTI1982;uNoisetAbatementiCouncil).wWSDOTunoiseupolicyu
adoptsithestFHWAucriteriau(WSDOTi2003).wAlthoughifsubstantiallyiexceedFuisu
notidefined,iWSDOTiconsidersiantincreaseiofil0idBAiorimoreltoubesas
substantialiincrease.u

TheilFHWAuNnoiselabatementicriteriauspecifyiexteriorilLeq(h)unoiseulevelsifory
variousilandiactivityicategoriesi(Exhibiti216).uForireceptorsiwhereuserenityu
anduquietiarelofiextraordinaryisignificance,itheinoiseicriterionuisi57udBA.uForu
residences,iparks,ischools,uichurches,uiandisimilariareas,itheinoiseucriterionuisi67u
dBA.uForudevelopedilands,itheinoiseicriterionuisi72ildBA.wWSDOTiconsidersiau
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noiselimpactitoloccuriifipredictedileq(h)inoiseulevelsiapproachuwithinuluidBAuofu
theunoiselabatementicriteriatiniExhibiti216.uThus,uifiaunoiseulevelivwerei66idB Al
orthigher littwouldiapproachuoriexceeditheilFHWAunoiselabatementicriterionu
ofu67udBAuforuresidences.u

Exhibit 2-6. FHWA Noise Abatement Criteria

Activity Category Leq(h) (dBA) Description of Activity Category

Al 57u(exterior)t = Landsionmwhichiserenityiandiquietiareiofu
extraordinaryusignificancelandiservelaniimportant
publicineediandivwhereitheupreservationiofithoseu
qualitiestisiessentialiifitheiareavisitoicontinueitouserveu
itslintendedupurpose.i

Bu 67u(exterior)u = Picniciareas,irecreationiareas,iplaygrounds,iactivel
sportsiareas,iparks,uresidences,imotels,ihotels,ischools,u
churches,ilibraries,iandihospitals.u

Cu 72u(exterior)y = Developedilands,iproperties,ioriactivitiesinotu
includeduinuCategoriesiAuoriBiabove.u

Du i Undevelopeduilands.u

Eu 52i(interior)y | Residences,imotels,ihotels,ipublicimeetingirooms,u

schools,ichurches,ilibraries,ihospitals,iandu
auditoriums.u

Source:mUSDOTu(1982).u
u

WSDOTudefinesisevereunoiselimpactsiasitrafficunoiseulevelsithatiexceedu75udBAu
outdoorsiiniCategoryiBuareasiori60udBAlindoorsiatiCategoryiEiuses.uSeverel
noiselimpactsialsoloccuriifipredictedifutureunoiseulevelsiexceediexistingulevelsy
byu15idBAworimoretininoisersensitiveulocationsiasitheuresultiofiauproject.u

2.5.2 Property Line Criteria

TheuCitywofiSeattleulimitsinoiseulevelsiatipropertyilinesiofineighboringu
propertiesi(SMCu25.08.410).uTheimaximumupermissibleisoundilevelidependsi
onutheulanduusestofibothitheisourceinoiselandureceivingupropertyu(Exhibiti217).uw
Theimaximumupermissibleisoundulevelsiapplyutoiconstructionuactivitiesionlyuifu
theyuoccuribetweenulOup.m.iandi7ia.m.ioniweekdaysiandulOup.m.ianduQua. m.uoni
weekends.uwPerformanceloficonstructioniactivitiesiduringunighttimeuhoursithatu
wouldiexceedithesellevelsirequiresiainoiseivarianceifromutheuCityuofiSeattle.uw
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Exhibit 2-7. City of Seattle Maximum Permissible Sound Levels (dBA)

District of Receiving Property

District of Residential2
Noise Source Day Night Commercial Industrial
Residentialu 551 451 57u 60u
Commercialu 57u 47 60u 65U
Industrialu 60u 50u 651 700

aTheimaximumupermissibleisounduleveliisireducedibyulOudBAuforuresidentialireceivingupropertiest
betweenu10up.m.sandu7ia.m.u

Source:uSeattlesMunicipaliCodei25.08.410.u

U

Shortitermuexceedancesiaboveitheipermissibleisounduleveliareiallowediforianyu
noiseusource.uTheimaximumulevelimayubelexceededubyu5SidBAuforuaitotalioful5u
minutes,ibyu10udBAuforiaitotaliofisuminutes,ioribyul5idBAuforiastotaliofil.5u
minutesiduringianyulihouriperiod.uTheseiallowediexceptionsiareureferredutol
inutermsuofitheipercentagelofitimelaicertainuleveliisiexceeded;ianuLzstisitheu
noisellevelithatiisiexceededil5uminutesiduringuanthour.wTherefore,itheu
permissibleiLzsiwouldubeiSudBAugreaterithanithewvaluesiiniExhibitui217 i
providedithatitheinoiseuleveliisibelowitheipermissibleuleveliiniExhibiti217uforu
theurestiofithethouriandineveriexceedsitheipermissibleulevelibyumoreusthany
5udBA.wAnthourlyuleqiofiapproximatelyi2icdBAuhigherithanutheuvaluesuiny
Exhibiti217uisianiequivalentisoundulevelitoitheupermissibleulevels,iincludingutheu
alloweduishortitermiexcursions.uUsinguthisiexample,uanileq(h)uofi5udBAu
correspondsiapproximatelyutolaunoiseuleveliofi57udBAuforid5Suminutesiandu
62uidBAuforilsuminutes,iwhichuisitheimaximumupermissibleinoiseulevelicreatedu
byuausourceliniaicommercializonelandireceivedibylaupropertyuiniauresidentialu
zone.u

Constructionuactivitiesicarriedioutibetweenu7ia.m.tiandul0up.m.ionuweekdaysu
andubetweeni9ua.m.tandulOup.m.uonivweekendsuarelalloweduitouexceeditheu
propertyulineistandardsiperitheifollowingulimits,umeasurediati5Oufeetuoritheu
propertyuline uwhicheveruisifurtheri(SMCu25.08.425):u

f Earthmovinguoriotherilargeiconstructioniequipmentimayuexceedutheu
applicableipropertyulineulimitubyu25idBA.u

I Portableipowerediequipmentimayuexceedutheulimitibyu20idBA.u

1 Impactiequipment,isuchiasijackhammers,umayunotiexceedianileq(h)uofu
90udBAuorianiLeq(7.5umin)uofui99udBA.I

Underinormalioperations,itunneliventilationifansiareisubjectitoitheunoiseulevely
limitsuiofitheuSeattlesN oiseilOrdinance.wUnderiemergencyuoperationiconditions,i
theuwventilationiandijetifansiarelexemptifromitheiOrdinance.uletifansiandu
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ventilationufansido,ihowever ihaveitoibeuroutinelyutestediiniemergencyumodel
operation,iwhichuisisubjectitoitheupropertyulineinoiseulimits.u

2.5.3 Hearing Protection Criteria

Taupreventidamageitouhearing,itheitOccupationaliSafetyianduHealthy
Administrationi(OSHA)irecommendsiaimaximumunoiseuleveliofi85idBAubasedu
uponuatlongitermiexposurestimeuofi8ihours,uiduringuworkingulife.wStandardu
NFPAu130u(2000)uallowsianiexposurelofil 15idBAuforiaifewusecondsiandu92u
dBAuforitheiremainderiofitheliexposure.ulniaccordancemwithithetlOSHAucriteria,u
exposuresiofil15idBAlandi92idBAuarelacceptablerfori28isecondsiandiluihouri3su
minutes,irespectively.uThelinrtunnelinoiseucriterionuforuthisuprojectuduringu
emergencyloperationstisiaimaximumuofil15idBAuforiaifewusecondsiandi92u
dBAuforithesremainderuofithelexposure.uw

2.6 Characteristics of Vibration

Vibrationuisianuoscillatoryumotion,iwhichicanubeidescribeduinitermsuofitheu
displacement,ivelocity uoriacceleration.wBecauseitheimotionuisioscillatory,u
thereuisinouinetimovementiofithewvibrationielement,ilandithesaverageiofianyuofi
theumotionudescriptorsuisizero.mwbDisplacementiisitheleasiestidescriptorutou
understand.uForiawvibratingufloor itheidisplacementuisisimplyutheudistanceithatu
aipointionuitheufloorimovesiawayufromuitsistaticuposition.uTheuvelocityu
representsithelinstantaneousispeediofitheifloorimovement,ianduiaccelerationuisi
theuratelofichangeuofitheispeed.wAlthoughudisplacementuisieasierutou
understandithanuvelocityuoriacceleration,lituisirarelywusediforidescribingu
groundrborneuvibration.uThisuisibecauseimostitransducersiusediforumeasuringu
groundrborneuvibrationuuseleitherivelocityioriacceleration,iand,levenimorel
important,itheiresponselofinumans,ibuildings,landiequipmentitouwvibrationuisu
morelaccuratelyudescribediusinguvelocityuoriacceleration.u

2.7 Vibration Descriptors

Onelofitheuseveralidifferentuimethodsithatiareiuseditoiquantifyuvibrationy
amplitudelisipeakuparticlewvelocityu(PPV),uwhichiisidefinediasitheumaximumu
instantaneousipositivelorinegativeupeakuofithewvibrationusignal.wPPViisiofteny
usediinumonitoringuofiblastinguvibrationusincelituisirelatedutoitheustressesithatu
arelexperiencedibyubuildings.mwAlthoughupeakuparticleivelocityuisiappropriatel
forievaluatingutheupotentialiofibuildingudamagelitiisinotisuitableufory
evaluatingihumanuresponse.ultitakesisomeutimeuforitheshumanubodyutou
respondutouvibrationusignals.winuiaisense,ithesthumanubodyurespondsitouant
averagelvibrationilamplitude.wBecauseitheinetiaverageuofiawvibrationusignaluisi
zero,itheirootimeanusquareu(rms)iamplitudeuisiuseditoudescribeitheilfsmoothedf
vibrationiamplitude.uTheurootimeanuisquarelofiaisignaliisithelaverageuofitheu
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squarediamplitudelofitheusignal.uwThelaveragetisitypicallyucalculatedioveruau
liseconduperiod.wThewrmsiamplitudevisialwaysilessithanutheilPPVianduisy
alwaysipositive.uTheiPPViandirmsivelocityiareinormallyudescribeduiniinchesi
peruseconduinithetUniteduStatesiandimetersiperiseconduinutheurestiofithemwvorld.u
Althoughuitiisitnotiuniversallyiaccepted idecibelinotationuisiinicommonuuseuforu
vibration.uDecibelinotationiactsitoicompressitheirangeuofinumbersirequiredutou
describewvibration.wVibrationwvelocityuleveliinidecibelsiisidefineduas:u

Lvi=120logu(V/Vref)u

wherew  FLwfuisithewvelocityuleveliinudecibels,u
EVHisitheirmsivelocityilamplitude,ianduu
EVredflisitheureferenceunvelocityilamplitude.u

Aureferenceimustialwaysibeispecifiediwheneveriaiquantityuisiexpresseduiny
termsuofidecibels.wAllivibrationulevelsiinuthisireportiareureferencedutoul x 10y
inchesuperisecond.wAlthoughunotiauuniversallyiacceptedinotation,itheu
abbreviationifVdBRisiuseduinithisidocumentiforivibrationidecibelsitoureducel
theupotentialiforuiconfusionuwithuisoundudecibels.uu

2.8 Typical Vibration Levels

Inicontrastitolairborneinoise,uigroundiborneuvibrationuisinotiaiphenomenoni
thatuimostupeoplelexperienceieveryiday.uTheibackgrounduvibrationuvelocityu
leveliinuresidentialiareasuisuusuallyu50uiVdBuorulower iwellibelowutheuthresholdu
ofuperceptioniforthumans,iwhichuisiaroundi651VdBi(Exhibiti218).uMostu
perceptiblelindooruvibrationuisicausedubyusourcesiwithinubuildingsisuchuast
operationuofimechanicaliequipment,umovementiofipeople,iorislamminguofu
doors.uTypicalioutdoorusourcesiofiperceptibleigroundiborneuvibrationuareu
constructioniequipment,isteeliwheeledutrains,uanditrafficitonuroughuroads.uPiley
drivinguisionelofitheigreatesticommonusourcesiofivibration.ulfitheiroadwayuist
smooth,ithewvibrationuifromutrafficlisirarelyuperceptible.wThewrangeuofiinterestuisy
fromuapproximatelyi50u1\VdButoy100u\VdB.u

Backgrounduvibrationuisiusuallyiwellibelowitheithresholdiofihumani
perceptionuanduisioficoncernionlyiwhenitheuwvibrationiaffectsiveryusensitivel
manufacturinguoriresearchiequipment.wElectronimicroscopesiandihighi
resolutionulithographyiequipmentiareitypicaliofiequipmentithatuisihighlyu
sensitiveutowvibrationiandimayubeudisturbeduibyuvibrationulevelsigreaterithani
approximatelyu65i\vVdB.uAlthoughutheuperceptibilityithresholduisiabouti65u\VdB i
humanuresponseitouwvibrationuisinotiusuallyusignificantiunlessithewvibrationu
exceedsi70ivVdB.uThisuistautypicalileveliSOifeetifromuaurapiditransitiorulighturaily
system.uBusesianditrucksirarelyicreateivibrationithatuiexceedsi70ivVdBuunlessi
therearetbumpsiinithesroad.u
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2.9 Effects of Vibration

Groundiborneuvibrationicanibelaiconcerniforioccupantsiofinearbyubuildingsy
duringuconstructionuactivitiesiassociatediwithutheuproposeduproject.uHowever,u
ittistunusualiforwvibrationifromusourcesisuchuasibusesiandutrucksutoube
perceptible,levenuinilocationsicloseitoimajoriroads.uMosticommonusourcesiofi
groundibornewvibrationuareutrains,ibusesioniroughuroads,iandiconstructionu
activitiesisuchuasiblasting,ipileidriving,ilandioperatingiheavyiearthimovingt
equipment.u

Theueffectsiofigroundibornewvibrationuincludeuifeelablesmovementiofitheu
buildingufloors,urattlinguofiwindows,ishakinguofiitemsionushelvesiorihangingu
oniwalls,sjandirumblingusounds.ulniextremeilcases,itheivibrationicanuicausel
damageitoibuildings.uBuildingidamagelisinotiaufactoriforinormalu
transportationuprojectsiwithitheloccasionaliexceptioniofiblasting,upileudriving,u
andudemolitionuofistructures,iwhichumayuoccuriduringuconstruction.u

I

ll

Human/Structural Response Velocity” Typical Sources (50 ft from Source)

«+— Impact pile drivingll

Threshold, minor cosmetic damage 100 +«— Blasting from construction projects

fragile buildings

Bulldozers and other heavy tracked

Difficulty with tasks such as construction equipmentj

reading a computer screen 90

«— Commuter rail, upper rangqﬁl

Residential annoyance, infrequent

events (e.g., commuter rail) — 80 «— Rapid transit, upper rangelw

+— Commuter rail, typicalw

Residential annoyance, frequent < Bus or truck over bum
events (e.g., rapid transit) PM

70 +— Rapid transit, typidillj

Limit for vibration sensitive
equipment. Approximate threshold —»

for human perception of vibration «— Bus or truck, typicaIH

60

«— Typical background vibratiquJ

Note:*RMSuwVibrationiVelocityuLeveluiiniVdBurelativeutoil 0iinchesuperisecond.u
Source:mUSDOTu(1995).w

Exhibit 2-8. Common Vibration Sources and Levels
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Thewrumblingusoundicauseduibyuthewvibrationiofiroomusurfacestisicalledu
groundiborneunoise.uThelannoyanceupotentialiofigroundiborneunoisetisy
usuallyucharacterizeduwithutheutAtweightedisoundulevel.wAlthoughutheu
A1lweightedileveliisialmostitheionlyumetriciuseditoicharacterizeicommunityu
noise,itherelareipotentialiproblemsiwhenicharacterizingulowifrequencyunoiseu
usinguAiweighting.uT hisuisibecauselofitheuinonilinearityiofihumanihearing,u
whichucausesisoundsidominatedibyulowifrequencyicomponentsitouseemu
loudernithanubroadbanduisoundsithatihaveitheisametArweightedulevel.wTheu
resultuisithatigroundzborneinoisemwithiauleveliofi40uidBAisoundsilouderithani
40udBAubroadbandunoise.uThisuisiaccounteduforibyusettingutheulimitsufory
groundiborneunoiseulowerithaniforuibroadbandunoise.u

2.10 Vibration Impact Criteria
Criteriaiforuiconstructionigrounduvibrationumustiaddressiboth:u

Theupotentialiforidisturbanceliandiannoyanceitouibuildinguoccupants.u
f  Theupotentialiforitdamageitounearbyubuildingsianduiotherinearbyu
structures.u

Temporaryuwvibrationuimpactsimayuoccuruinitheulocaliareaiduringutheu
constructionuperiodiasiaiconsequencelofitheiuselofiblasting,upileidrivers,u
jackhammers,ihoeirams,isoilicompactors,iandiotheriheavyiconstructionu
equipment.uBuildingsuinuithewvicinityuofitheiconstructionusiteuresponduitoutheseu
vibrations,iwithuvaryinguresultsirangingufromuperceptibleleffectsiatitheulowestu
levels,llowirumblingisoundsiandinoticeableuwvibrationsiatimoderateulevels,iandi
slightitdamageiatithethighestilevels.uGrounduvibrationsifromiconstructionu
activitiesirarelyureachutheulevelsithaticanidamageustructures,ibuticaniachieveu
theunoticeablewrangelinubuildingsiveryicloseutouausite.wlmpactipileidriversi
generallyucauseuthethighestivibrationulevelsicompareduitolotheruty pesuofi
equipment.uMeasuresishouldubetapplieditoiminimizeutheupotentialiforutharmutou
nearbyustructures.uDetailediinformationionitheuproposediconstructiont
methods,itheuspecificiconstructioniactivity ,itheitypesioficonstructionu
equipment,itheicharacteristicsiofiunderlyingusoils,ianditheiexistingiconditionsi
anduthewuselofibuildingsuisirequirediforiaupreciselassessmentiofipotentialy
effects.uMeasurementiofiexistinguvibrationulevelsiatisensitiveusitesialsouisy
requireditoidetermineitheupotentialisensitivityiofipeopleulivinguinithewvicinityu
ofitheuconstructionusite.u

2.10.1 Annoyance Criteria

Annoyancelfromuconstructionuvibrationiwouldidependionitheimagnitudeuofu
vibrationuasiwelliasionithesthumanuactivityuinvolved.uVibrationuyproducedu
duringiconstructionuoperationsibecomesioficoncerniwhenuiticanubeufelt.u
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Determininguacceptablewvibrationulevelsiisiofteniproblematicibecauseuofuitsi
subjectiveunaturemwvithurespectitolbeinguainuisance.ultiisithesunpredictabilityu
anduwunusualinaturelofianvibrationisource,iratherithanutheuleveluitself,ithatuisu
likelyutouresultuinicomplaints.uTheueffectiofiintrusionitendsitoubeupsychologicalu
ratherithanuphysiological,ianduisimoreuofiauproblemuatinight,ivwhenioccupantsi
ofibuildingsiexpectinoiunusualidisturbanceifromuexternalisources.uwwWhenu
vibrationulevelsifromuaniunusualisourcelexceedithethumanithresholduofu
perceptionu(generallyuinitheirangetofiPPV10.008utou0.012uinches/second)u
complaintsimayuoccur,ievenithoughitheseulevelsiaresmuchulessithaniwhatu
woulduresultifromuslamminguaidooriiniaimodernimasonryubuilding.uwPeople’si
toleranceuwillibelimprovediprovidedithatitheloriginiofithewvibrationsuisiknownu
inladvancelandinoidamageuresults.u

Theucriteriavuseduinudeterminingiannoyanceidependionutheutypelofiactivitiest
insideuthetbuildinguasiwelliasitimelofiday.uConservativeidesignucriteriaiusedu
foruassessinguthumanusensitivityiduringiconstructionuareuthoseuthatihaveuibeeni
developedubyuthellnternationaliOrganizationiforiStandardizationu(1ISO)uiandu
thesAmericaniNationaliStandardsiulnstituteu( ANSI).wTheseicriteriaulevelsiareu
shownuiniExhibitui219.u

Exhibit 2-9. Criteria for Annoyance Caused by Ground-borne Vibration

Maximum Vibration

Building Use Category Velocity (inches/second) Comments
Hospitalianducriticaliareasu 0.005u u
Residentiali(nighttime)u 0.007u u
Residentialu(daytime)u 0.01u Criterionialsolappliesitoichurches,u

schools,ihotels,landitheatersu
Officeu 0.02u Criterionuappliesitoicommercialy
establishmentsu
Factoryu 0.03u Criterioniappliesitolindustrialu

establishmentsi

Source:umlSOuStandardi2631u(1974)landiANSIiStandardiS3.2912001.u
U

2.10.2 Potential Building Damage Criteria

Theuprimaryuconcerniwithiregarditoiconstructionuvibrationuisibuildingu
damage.wForuthisipurpose,iconstructionuvibrationuisigenerallyiassesseduiny
termsuofiPPV .

Thereuareunoulocal ustate,iorifederalirequirementsisimilaritoitheiSeattlesiNoiseu
Ordinance;inoiselemissionuistandardsidevelopedibyitheilEPA;ioriotherifederal i
state,sandulocaliagenciesiforitheicontroliofivibrationuiduringiconstruction.uwTheu
potentialuforicosmeticioristructuralidamageudueutouconstructionuactivitiesuisu
assessedionutheubasisiofiimpactucriteriaidevelopedibyuthetAcousticaluiSocietyuofu
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Americau(“AmericaniNationaliStandard:uGuideitoiEvaluationiofiHumanu
ExposureutoiVibrationuiniBuildings, "1ANSI1S3.2912001)ithetlnternationalu
StandardsuofiOrganizationu(““EvaluationiofiHumaniExposureitoiwWwholeiBodyu
VibrationuinuBuildingsu(1180uHz)” ulSO1236112,11989) ilanditheiFederaliTransitu
Administrationu(FTA(“TransitiNoiselandiVibrationilmpactiAssessment”,
Aprili1995).u

2.10.3 Vibration Criteria to Prevent Structural Damage

ExtensiveustudiesiconductedubyitheiUniteduStatesiBureaulofiMinesisuggestu
thatiaupeakuvibrationivelocityuofi2iinchesiperisecondishouldinotibelexceededuifi
majorustructuralidamageuofibuildingsiisitoibeuprevented.uwPotentialidamageutou
undergroundianduburieduutilitiesicouldioccuriativibrationulevelsiaboveu4.Ou
inches/secondu(U.S.iBureautofiMines,i1971).uCriteriaforuisustainedu
constructionuwvibrations,iwhichuareinormallyiexpectediduringuconstruction,i
generallyulimitwvibrationuivelocitiesutou0.5utoul.Quinchuperusecond.u

MoreicomprehensiveiguidelinesiareiprovideduiniSwissiStandardiSNu640312y
anduhaveubeenicheckediforiconformanceuwithisimilaruwvibrationucriteriau
establishedubyithetAmericaniAssociationiofiStateiHighwayuandu
TransportationiOfficialsi(AASHTO),uUniteduStatesiBureauiofiMines,sianduothery
relevantistandards.uwExhibitsi2110iandu211 Lurepresentitheustructuralicategoriesi
anduvibrationucriteriaiforiuseliniselectingiappropriateiconstructionivibrationu
limits.u

Exhibit 2-10. Structural Categories According to SN 640312

Structural
Category Definition
lu Reinforcediconcretelandisteelistructuresu(withoutuplaster)isuchuasiindustrialu

buildings,ibridges,imasts,iretainingiwalls,iunburiedipipelines;iundergroundu
structuresisuchuasicaverns,itunnels,igalleries,ulinediandiunlinedu

Hu Buildingsiwithiconcreteifloorsiandibasementiwalls,iaboveigradeiwallsiofu
concrete,ubrickioriashlarimasonry;liashlaruretainingiwalls,iburiedupipelines;u
undergroundistructuresisuchuasicaverns,itunnels,igalleries,iwithumasonryuliningu

Iy Buildingsiwithiconcreteibasementifloorsiandiwalls,iaboveigradeimasonryiwalls,
timberiyjoistifloorsu
/i Buildingsithatiareuparticularlyiwvulnerableloriworthupreservingu
I
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Exhibit 2-11. Acceptance Criteria of SN 640312

Continuous or Steady State Vibration Sources2  Transient or Impact vibration SourcesP

Structural
Category  Frequency (Hz) Max Velacity (In/s) Frequency (Hz)  Max Velocity (In/s)
lu 10-30u 0.5u 10-60u 12
30-60u 0.5-0.7u 60-90u 1.2-1.6u
Hy 10-30u 0.3 10-60u 0.7u
30-60u 0.3-0.51 60-90u 0.7-1.0u
1y 10-30u 0.2u 10-60u 0.51
30-60u 0.2-0.3u 60-90u 0.5-0.7u
IV 10-30u 0.12u 10-60u 0.3
30-60u 0.12-0.2u 60-90u 0.3-0.51

Hzi=ihertz;uln/si=linchesuperusecondl

ayContinuousloristeadyustatenvibrationuconsistsiofiequipmentisuchuasivibratoryupileidrivers,thydromills,ulargeu
pumpsiandicompressors,ibullidozers,itrucks,icranes,iscrapersiandiotherulargeimachinery,jjackhammersiandu
reciprocatingipavementibreakers,landicompactors.u
buTransientioriimpactivibrationiconsistsiofiactivitiesisuchiasiblastingiwithiexplosives,idropichiselsiforirocku
breaking,ibuckets,simpactipileidrivers,iwreckingiballsiandibuildingidemolition,igravityidropugroundu
compactors,landuipavementibreakers.u

U

TheuwFTAuguidancelonivibrationuidamageithresholdicoversi‘fragilelbuildings’
(0.20uinches/secondiPPV)iandu‘extremelyufragileshistoricibuildings’u(0.12u
inches/secondiPPV),uwhichurelateitolbuildingucategoryul ViofitheiSwissi
Standarduforu‘particularlyuhighisensitivity’ibuildings.uwTheimajorityuofu
buildingsialongutheiproposedialignment,iwhichiareinonifragile,iareicoveredu
byubuildingucategoriesul liorulll,iforullowuoriaverageusensitivity.u

2.10.4 Vibration Criteria Adopted for this Project

BecauselFHWA 1WSDOT uanditheiCityuofiSeattlesdounotihaveuspecificu
vibrationiimpacticriteria,lawvibrationuimpacticriterionuofi0.12iinches/secondi
PPVihasibeeniadoptediforiextremelyufragileistructuresiandu0.50uinches/secondu
forualluiotherioccupiedibuildings.uTheselcriterialareiconsistentiwithuFTAu
criteriavanduisuprotectivelofipotentiallyuifragileshistoricuistructures.wStructurestiny
theuprojectiareaithatumayubesextremelyifragilelincludeiunrestorediareaways, !
theuspacesibeneathutheisidewalksuiofiolderibuildings,ianduhistoricibuildingsu
thatuihaveunotubeenustructurallyuretrofitted.iTheidamageucriterionuforu
undergroundiburiedistructuresiisiaiPPViofi4.0uinches/second.uOlderucastIironu
waterimainsimayubeimoreisensitiveithaniotheruutilities;itherefore, iauprotectivelu
damageiriskucriteriaiofu0.51inches/seconduisibeinguuseduforiolderucastrirony
waterimainsi(SeattlelPubliciUtilitiesistandard).u

SRu99:1AlaskaniWayuViaducti&uSeawalliReplacementuProjectu Marchu2004u
NoiselanduVibrationuDisciplineiReportu 20u
DraftiElSu




2.11 Coordination With Agencies and Jurisdictions

NoiselanduvibrationumethodsiandianalysisiwereidevelopediforithetAlaskani
WayViaductiandiSeawalliReplacementuProjectiinicoordinationuwithuWSDOT ,u
theuCityuofiSeattle, uKinguCounty uiandiFHWA.wDuringuApriliofi2002,iauinoiseu
anduvibrationuanalysisiapproachiwasidistributeditoutheselagenciesiforireviewu
andicomment.wOnuAprilil7 12002 ithelapproachiwasipresenteditolacousticistaffi
fromiWSDOT itheuCityuofiSeattle yjandiKinguiCountyuforicommentiandu
discussion.wlnputifromitheselagenciesiwaslincorporateduintouthelapproachi
useduinuthisistudy.uwOnuwulyu23,12003 sanwupdatemwvasipresenteditotVVSDO Tuandu
CityuofiSeattleustaff.uMonitoringuresultsiwereudistributeditoiWWSDOTiandicityu
ofiSeattleustaffioniAugusti26,i2003utousolicitianyicommentsionufieldudatauprioru
touicompletionuofitheinoiseitechnicalianalysis.ulnputsifromitheselagenciesiwerel
incorporateduintoutheustudy.u

U

SRu99:1AlaskaniWayuViaducti&uSeawalliReplacementuProjectu Marchu2004u
NoiselanduVibrationuDisciplineiReportu 21y
DraftiElSu



This Page Intentionally Left Blank



Chapter 3 METHODOLOGY
3.1 Noise

Ambientunoisellevelsiinitheuprojectiareaivwereimeasureditoudescribeuthe
existingunoiselenvironment,lidentifyumajorunoiseisources,iandivalidatestheu
trafficinoiseumodel.wAmbientinoiseulevelsiwereimeasurediatiseveralilocationsy
nearutheuprojectiareautoicharacterizeiweekdayunoiseulevelsi(USDOTu1996).wAtu
mostilocations,ionelorimorell5rminuteimeasurementsiwereitakenuwithuanu
LDu820woruBKu223Lunoiseuimeteritolestimateitheileq(h)iatuvariousitimesiofiday.u
Twentyifourthourinoiseimeasurementsiwereitakeniwithil Du720uloggingunoisel
metersiatiseveraliadditionalulocationsitoucharacterizeitheidailyisoundu
environment.uwFifteeniminuteuinoiseumeasurementsiwereitakenuatigroundulevel,u
whilei24thourimeasurementsiwereitakenueitherionubalconiesioribuildinguroofs,u
dependinguonuavailabilityuofiaccess.u

Theuimeasurementulocationsirepresentiauvarietyuofinoiseuconditionsianduareu
representativelofiotherusensitiveireceptorsinearitheiproposediproject.wExistingu
andufutureunoisellevelsiforithewvariousiBuildianduNouBuilduAlternativesivwerel
modelediatithesmonitoringulocations.u

TheilFHWAIsiTrafficiNoisetModelu(TNM)uVersionu2. licomputerimodelu(FHWAU
2003)uwasiusedutoupredictuleq(h)utrafficunoiseulevels.uwTheiTNMuisiusedutou
obtainupreciseuinoiseuleveliestimatesiatidiscreteupoints,ibyiconsideringu
interactionsibetweenudifferentinoiseisourcesianditheleffectsiofitopographicalu
featuresionutheunoiseupropagation.uwTheimodeliestimatesithelacousticlintensityu
atuaureceiverulocation,icalculatedifromuauseriesiofistraightilineiroadwayu
segmentsuy(USDOTu1998).uNoisetlemissionsifromufreerflowingutrafficildependuoni
theutnumberiofiautomobiles,umediumutrucks,landiheavyutrucksiperithour;u
vehicularispeed;iandireferenceinoiseiemissionulevelsiofianuindividualivehicle.u
ModeledutrafficivolumesiuseduiniTNMiuaretincludeduinuiAttachmentuC.uTNMuy
alsouconsidersitheueffectsiofiinterveningubarriers,itopographyitrees,iandu
atmosphericiabsorption.uw

TNMuwasiuseduitoumodelitheuloudestitrafficunoisethouruofitheiday.wTheuloudesty
trafficunoiseuperiodioccursiwhenitrafficivolumesiareshigh,ibutulowerithanitheu
trafficivolumeuthatiwoulduicauseutrafficicongestionutoureducelaverageuspeedu
substantiallyubelowitheispeedulimit.uThelanalysisistartediwithitheup.m.upeaku
hourutrafficivolumes;iwhereithewvolumesiexceedediroadwayucapacity,itheyu
wereladjustedidownwarditoumaintainutrafficispeed.u

DXFiformaticomputerudesignifilesiwereiexportedifromiMicrostationiandu
importeduintoiTNMuwithumajoriroadways,itopographicalifeatures,ibuildingu
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rows,landusensitiveureceptorsidigitizeduintoitheumodel.wElevationsiwereladdedu
fromuthestopographicicontouridata.uElevationsiforiplannediimprovementsi
wereltakenifromudesignuprofiles.uTheinoiseimodeliextendediapproximatelyu
threeiblocksieitheruisidetofiSRi99ufromutheuvicinityuofiS.uRoyaliBroughamiwayi
touwWarduStreet.u

Thewroadway itransit,uandupedestrianiconfigurationualongiSeattle’sicentralu
waterfrontiwouldichangeuconsiderablyiunderisomelofitheialternatives.uu

NoiseufromusourcesiotherithanutrafficiisinotuincludeduiniTNM;itherefore,iwhenu
nonttrafficunoiseisuchuasiaircraftiisiconsiderablelinianiarea,iTNMuwilliunder:
predictithelactualinoiseulevel.wuComparisoniofimeasuredinoiseulevelsitoutheu
modeleduresultsidemonstratediseveraliimportantiaspectsiofitheisoundu
environmentiinuthewicinityiofithesAlaskaniWayuViaduct.wTheimostiimportantu
aspectsiareutherfollowing:u

f  lfuunadjusted i TNMuunderpredictsitrafficunoiseifromuthelexistingu
AlaskaniWayuViaductibecausetitidoesinotiinherentlylincludeitheleffectsu
ofireflectedutrafficuinoiseifromuthewupperideckiofithewviaduct.

f  Trafficunoiseuisionlyionelaspectiofitheiurbanunoiselenvironmentuinu
downtownuSeattle.uTNMuunderpredictsithestotalisounduleveliinithey
audiblelenvironment.u

WSDOTuhasupreviouslyurecognizedithatureflectedunoiseifromudoubleilevely
structurestisineglectediinuinoiseumodelingisoftwarei(WSDOTi1992).uTou
quantifyutheleffectsiofinoiseureflectionsifromithelAlaskaniWayuViaduct,inoisel
measurementsiwereluseditoiquantifyitheureflectedinoise.uTheimeasurementsi
werelthenuuseduitoucalibrateithesumodelibyiaddinguawvirtualinoiseusourceutou
representitheureflectedunoise.wWSDOTuhasupreviouslyuusedithisiapproachutou
evaluateunoiseifromithewviaductiandutheuli5iShipuCanaliBridgeu(WSDOTu1992).u

AuseriesiofinoiseimeasurementsiwereitakenuinucloseuproximityutouthetAlaskanu
WayuViaductiwhenuitiwasiopenutoutrafficiinubothudirections,iwhenuonlyutheu
northboundulanesi(upperideck)iwereiopen,landiwhenuitiwasicloseduitoutrafficu
(Exhibitu311).wComparisoniofitheseimeasurementsishowsithatithelaverageu
noisetlevelsiinitheuwvicinityuiofitheiviaductiareimoreirthanu10idBAugreateriwhenu
thewviaductiisiopenuithaniwhenuitiisiclosed landiapproximatelyusutos7udBAu
greateruiwhenubothudirectionsiofitraveliareiopenicomparedutoionlyutheu
northboundudirectionubeinguopen.uTheimeasurementsitakeniwithithewviaductu
closedurepresentitheibackgroundiambientisoundulevel sincludingubothutrafficu
anduotherisoundusources,ithatiwouldioccuruifitheiviaductididunotiexist.u

TheuresultsipresenteduiniExhibiti31liareisimilaritoiWwSDOT si1992ifindingsuthatu
trafficunoiseulevelsiwereibetweenu6iandiQudBAugreateriwithuthelentireuviaducty
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openuthanuonlyutheunorthboundulanes,ibutitheulevelsiwithionlyitheisouthboundu

lanesiopeniwereiwithini2udBAuofibothidirectionsiopeni(WSDOTu1992).u

Exhibit 3-1. Noise Measurement Results with Viaduct Open and Closed

Location Date Status Leq
Cl.uBikeupathuunderu Marchi23,i120031  Northbounduonlyu T4dBAU
ViaductauFireiStation Marchi25,2003:  Northboundiand 791dBAU
NumbernsSi southboundiopent
C2.uSidewalkuatuFireiStationu Marchi23,i20031  Northbounduonlyu 731dBAU
Numben: Marchi25,2003;  Northboundiand: 71idBA:

southboundiopenu
C3.uCorneriofiSpringuStreety Marchi23,i2002s  Closedu 71udBAU
andiAlaskaniWayu Septemberi3,120031  Northboundiandu 781dBAU
southbounduopenu
C4.uSidewalkueastisidelofu Marchi22,i2003s  Closedu 60udBAU
ViaductibetweeniSenecal Marchi23,20031  Northboundionly 74dBA
andiSpringiStreetsu
Marchi25,i2003s  Northboundiandu 77idBAU
southbounduopenu
C5.uSenecauStreet ibetweenu Marchi22,i2003s  Closedu 651dBAU
yejem”A"enuewa”d“”the“ Marchi23,20031  Northboundionly 74dBA
iaductu
Marchi25,i2003s  Northboundiandu 77idBAU
southbounduopenu
C6.uWaterfrontiParku Marchi23,i12002s  Closedu 60udBAU
boardwalky Marchi22,12003;  Closedu 59idBAU
Marchi23,i120031  Northbounduonlyu 681dBAU
Marchi25,i2003s  Northboundiandu 7T21dBAU
southbounduopenu
C7.uwWaterfrontiParku Marchi22,i12003s  Closedu 70udBAU
sidewalku Marchi23,2003  Northboundionlyt 7410BAY
Marchi25,i2003s  Northboundiandu 76udBAU
southbounduopenu
C8.wHarboriStepsi Marchi23,i12002s  Closedu 66udBAU
Mayu16,12002u Northboundiandu T21dBAU
southbounduopeni
C9.uWaterfrontuiLandingu Marchi23,i12002s  Closedu 62udBAU
Condost Mayi16,12002:  Northboundiandi 7510BAU
southbounduopeni
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Exhibit 3-1. Noise Measurement Results with Viaduct Open and Closed
(continued)

Location Date Status Leq
C10.wVictoniSteinbruecku Marchi23,20021 | Closedu 621dBAU
Parky Julyi31,12002 Northboundiandt 8LIdBAU

southbounduopeni

U
U

WhenuinitiallyumodeleduiniTNM,itheleffectsiofuiAlaskaniWayiViaductiwerel
underpredictedibyu3itou8idBAubecauseitheimodelineglectsialliofitheunoiseuthatu
isureflecteduoffitheuibottomuofitheiupperideckianduithatiisitransmittedithroughu
thewiaductistructure.uwTolaccountiforithisiadditionalinoiseithatiisineglecteduiny
theumodel,uvirtualitrafficulanesilifootiwideiwereuplacediatibothiedgesuofitheu
upperudeckiofithetAlaskaniWayiViaduct.uTheutrafficovolumesimodeleduforutheu
southboundudirectioniwereudividedibyuitwouandusplitibetweenuthestwouvirtualy
lanes.wwWithinuithesTNMumodel,ithisiapproachisimulatedinoiseigeneratedibyu
theuisouthboundutrafficireflectinguoffiofitheiupperideckiandupropagatinguoutuinu
bothidirectionsifromitheustructure.wOnceutheseuwvirtualiroadwaysiwerelappliedu
toutheumodel,ithesTNMumodeluresultsiforinoiseureceptorsiinucloseuproximityutou
thetAlaskaniWayiViaductiwereiwithini2idBAuofuimeasuredivaluesiwhenitheu
fieldutrafficicountsiwerewuseduinitheimodel.u

Trafficunoiselisionlyionelaspectiofitheicomplex,iurbaniacousticienvironment.u
Noiseimeasurementiresultsiwereugreaterithanumodeledutrafficinoiseulevelsiaty
everyiulocationiwithinutheuprojectiareaibecauseuofivariousiotherinoiseusources,
includingupedestrianustreetiactivity,iaircraft,isirens,ibusinessiandicommercialu
noise,landiequipmentinoiserfromunearbyubuildings.uBuildingiwallsialsou
producedisoundureflectionsiinisomeupartsiofitheustudyuarea.uwBecauselofitheseu
additionalinoiselsources,itheimeasuredisoundulevelsimoreithanioneutoutwou
blocksiawayifromithetAlaskaniWayuViaductiaverageduliori2uidBAugreaterithani
thesmodeledutrafficinoiseulevels.u

Toudeterminestheitnumberiofinoiseisensitivelreceptors,laibuildingisurveyiwasi
conducteduofibuildingsiwithinutwoublocksiofiproposedilongrtermu
improvements.uwForianyubuildingsithatuihousedusensitivewusesi(Activityu
CategoriesiBiandiE),itheutypeluofiuse,inumberiofibuildingufloors,ipresenceuofi
balconiesioriopeninguwindows landinumberiofiresidentialiunitsioriotheru
sensitiveuusestinitheibuildingsiwasicollected.wThisidatavwasiuseditolestimateu
theuinumberuofisensitiveureceptorsirepresentedibyieachumodeledinoisel
receptor.uThisidatauisiincludeduiniChapteri4,iAffectediEnvironment.u
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3.2 Vibration

Existinguvibrationulevelsiwereimeasurediatifourilocationsinearuthelexistingu
viaductuusingutheufollowinglequipment:u

f LarsonuDavisiModeli2900u1/3iOctaveiBandiRealiTimelAnalyzeru

1 PCBuModeli393A03ulCPuAccelerometeru

PCBiModeli699A02iHanduHeldiShakeru(Calibrator)u
Atieachuofithesmeasurementisitesithewvibrationulevelsiofidifferentitheavyutrucku
passbysiwereimonitoreditoudetermineithesumaximumurmsivibrationuvelocityu
levelsigeneratedibyutheselevents.uTheseimeasurementsiwereiusediasial
baselineiforievaluationuofitheufutureupotentialiforioperationaluvibrationi
impacts.u

Theupotentialiforiconstructionuvibrationiimpactsiwasiestimatedifromuprioru
measurementsioficonstructioniequipment.uTheureferenceuwvibrationidataiusedu
foruthistanalysisiwasitakenifromutheuavailableuliteratureu(seeiChapteri9ufory
references)iandisupplementedibyimeasurementsiconductedibyuParsonsy
Brinckerhoffionuothericonstructionuprojects.uTheudataiwasiusedutolestablishuau
distanceibeyondiwhichiconstructionuactivitiesiwouldunoticauseidamageutou
sensitiveustructures.u

I
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Chapter 4 AFFECTED ENVIRONMENT

4.1 Study Area Characteristics

Theuprojectistudyuareaievaluatediforinoiseianduvibrationiimpactsiincludesi
areasilikelyitoubeuaffectedibyuichangesiinutrafficiorumechanicaliventilationunoisel
underithewvariousialternativesiandiareasilikelyitoubelaffectedubyuconstructionu
noiselorivibrationiduringiconstruction.uwTheustudyuareaiextendsiapproximatelyu
threeublocksieitherusidelofiSRi99ufromutheuvicinityuofiS.iRoyaliBroughamiwWayi
touiwWarduStreet.u

TheustudyuareawrunsithroughitheidowntownicorelofiSeattlelandiseveralisubr
areasi(Exhibiti41l).mLanduuselinitheiareairangesifromulowiriseulightiindustrialy
tauhighrtriseuofficeitowers.uPortionsiofitheistudyuarealincludeuresidentialy
zoning,isuchuasiBelltowniandiwestiofitheiAlaskaniWayuViaductiinuthewvicinityu
ofiwarduStreet.wNoiselsensitiveuusesiincludeuresidences,ihotels,umotels,uparks,u
socialuiservices,landidaycareuproviders.uTherelareiseveraliold,ivibration:
sensitiveustructuresiadjacentitoithelexistingiAlaskaniWayiViaduct.u

Therelareuresidentialiorihoteliusesinearibothitheisouthiandinorthuportalsiofitheu
existinguBatteryuStreetiTunnel.wLanduusesinearitheisouthuportalianduKingu
StreetuventilationubuildinguthatiwouldibeiconstructediunderitheiTunneliandu
BypassiTunneliAlternativesiareicommercialiandiindustrial.uLanduusesinearu
theunorthuportaliandiYesleriWay ,iSpringuStreet,iandiPikeuStreetuiventilationu
buildingstincludeuresidentialiuses.u

Audetailedidescriptionuofitheslanduuseiwithinutheustudyuareaisiprovideduiny
AppendixiG,iLandiUselandiShorelinesiTechnicaliMemorandum.uw

4.2 Existing Noise Environment

Bothushortritermiandi24rhourinoiseimeasurementsiwereitakenithroughoutitheu
projectiareauitoidescribeithelexistingiacousticalienvironment.uwMeasuredi
outdooriLanisoundulevelsi(Exhibiti412)igenerallywrangedibetweenuthoseutypicaly
ofiurbanuitoidowntownuimajorumetropolitanuareasi(seelExhibiti215).uBothushortr
termuandu241hourinoiseimeasurementsiwereitakenuinitheistudyuareautou
characterizeitheioveralliacousticienvironment,ievaluateitheitransportationu
noiseicomponentiofithelenvironment,iandivalidateitheuTrafficuNoiseiModel.u
MonitoringusitesiareishownuiniExhibitsi4r3iandui414. i
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Exhibit 4-2. Twenty-four Hour Noise Measurement Results

Loudest Hour
Location Lan Leq(h) Time of Day
Tli  FlorentinesCondominiumst 781 85U dip.mu
T21 = HarboriStepsiApartmentst 781 841 7ip.m.u
T3y WaterfrontiLandingiCondominiumsi 80u 80u Tia.m.u
T4 ElliotuPointutApartmentsu 831 83l 8la.m.u
T51  BelltowniLoftitCondominiumsi 751 80u 10ua.m.u
Téu = Siteull7uApartmentsu T2 731 Sip.m.u
T71  PortiofiSeattleu 75U 76U 6up.m.u
T8 = AvaloniBelltowniApartmentsi T 76U Tia.m.u
Tu  GroupuHealthiatiBatteryuStreetu T2 7 1lia.m.u
T101 = GroupuHealthiatiwWalliStreetu T2 7 1lia.m.u
T1l  AntiochiUniversityu 75U 751 Tup.m.u
Tl2u  PacificiScienceiCenteru 75U 751 3ip.mu
T13y  Seattleulnnu T 781 1lia.m.

]
]

Noiseureceptoridesignationsireflectitheuty pelandipurposeiofitheinoisel
measurementitakenuatitheulocation.uReceptorsiwithiaw“Tuidenotei241houru
measurementilocations,iwithiani“S”idenoteishortitermimeasurementi
locations,landuwithuau“C”idenoteulocationsiwhereimeasurementsiwereutakenu
withuthewviaducticlosed.wSomeulocationsu(SluianduT luforiexample)irepresenty
twoumeasurementitypesitakenuinicloseiproximity.u

Theudailyunoiseuprofilesiforiseveralirepresentativeusitesiinutheistudyuareishownu
inuExhibitu415.wlnugeneral itheistudyuareashasiaurelativelyuhighuoverallinoiseu
levelithatitendsitouberaboutil QudBAuquieteriduringunighttimelanduearlyu
morninguhoursi(midnightitou6ia.m.)ithaniduringitheurestiofitheiday.uMeasuredu
dailyuLanisoundulevelsirangedibetweenu7 luiandu83ud B Auatitheul ureceptorsu
wherei24rhourinoiseimeasurementsiwereitakenu(seelexhibitu412).u
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Exhibit 4-5. Daily Noise Patterns at Select Study Area Sites

DaytimelLeqsoundulevelsimeasureduinitheuprojectiareairangedubetweeni57iandu
81LudBAu(Exhibitsi416iandudr7).mwAtiseveralilocations,ithesmeasureditotalinoiseu
leveliexceedediWSDOT suseverelimpacticriteriaiofu7sudBAuforitrafficinoiselaty
noiseisensitivelreceptors.uTheiWashingtonuStreetiBoatiLandingu(S5),iSeattleu
Aquariumu(S17)uanduVictoriSteinbrueckuParku(S19)areithreeisuchulocations.u

TheiTNMuwasiuseditolevaluateitheiroadwayunoiseuportionuofithesacousticu
environment.uwTheup.m.upeakutrafficivolumesiwerelenterediintouthelexistingu
conditionsinoiseumodel,ualonguwithutransitubusiandutruckupercentagesi
appropriateitoleachuofitheidowntownustreets.mModelediexistinguloudestihouri
Leg(h)utrafficunoiseulevelsivariedibetweenu59uandi79udBAu(Exhibitsi418iandi419).uw
ExistingutrafficinoiseulevelsiwereimodeleditolapproachioriexceeditheslFHWAU
noiselabatementicriterialati43iofithei48imodeledusites.uTheimodeledutraffic:
onlyunoiseuleveliatifourusitesicurrentlyiexceedsitheusevereinoiselimpacticriteria.u
Theusitesiwherelexistingusevereutrafficinoiselimpactsi(noiseulevelsiexceedingt
751dBAuatisensitiveulandiuses)iaresumodelediareiS18,1S19,uS29,ilanduT13,u
representingu248iresidentialiunits,i159hotelirooms,iandioneupark.u

Exhibit 4-6. Short-Term Noise Measurement Results

Location Date Time Leq
S1/iTl FlorentinetAptsi(groundulevel)u Julyi31,12002u 2:00up.m.u T2
U Augusti6,12003u 2:15ip.m.u T2U

S2u 300ublockiOccidentaluiAve.u Julyu31,12002u 1:30up.m.u 63U

S3u First&uMainu Augustu6,12003u 1:151p.m.u T2
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Exhibit 4-6. Short-Term Noise Measurement Results (continued)

Location Date Time Leg
S41 OccidentaliPark Julyu31,12002u 1:30up.m.u 63U
U Augusti6,12003u 12:15ip.m.u 631
S5 WashingtoniStreetiBoatiLandingu Julyi31,12002u 11:550a.m.u 76U
Uow Julyu31,12002u 2:40up.m.u T
U Augusti6,12003u 10:451@a.m.u 781
S6u  PioneeniSquareuisouthusidel Julyu31,12002u 3:30up.m.u 68U
uou Augusti6,120031 11:30ua.m.u 681
S7u PioneenSquareinorthusideu Julyu31,12002u 3:40up.m.u 71
Uou Augusti6,12003u 11:151a.m.u 7
S8 Pier50u Julyu31,u2002u 11:30uia.m.u 7
S FerryuDocku Julyu31,12002 11:10ml@.m.u I/
S10u FerryuPedestrianiCrossingu Julyu31,12002u 11:05ua.m.u 77
S1li WesterniandiSpringu Julyu31,12002u 10:10uia.m.u T4
Uou Augusti6,12003u 10:151a.m.u 73U
S12u SpringianduPostu Julyu31,12002u 10:35ua.m.u T2
S13u SpringuanduFirsty Julyu31,12002u 10:351a.m.u T2
S14i AlaskaniWayubikeipathiatiSenecau Julyi31,12002u 9:45ia.m.1 781
S151 ElliottisiOysteruiHouseu Julyu31,12002u 9:451a.m.u T
S161 WaterfrontiParku Julyu31,12002u 9:151a.m.u T2
S17u SeattlestAquariumu Julyu31,12002u 9:151a.m.u 76U
S181 HillklClimbuCourty Julyu31,12002u 8:501a.m.u T4
Uou Septemberu3,i20031  11:15ia.m.u 751
S19/C10v VictoriSteinbrueckuParku Julyu31,12002u 8:201a.m.u 81u
S201 WesternianduCedaru Augusti7,12003u 10:30ua.m.u 71
S211 FountainiCourtiApartmentsu Augustu8,12003u 10:15ua.m.u T2
S22u | FirstiandiEaglew Augusti7,12003u 10:10ia.m.u 69U
S231 DennyuParku Septemberu3,i20031 = 10:34ua.m.u 60u
S241 Holidayulnnu Julyu17,i2003u 10:50ua.m.u 76U
S251 HoteliatuAuroraiandiMerceru Julyul7,u2003u 2:30up.m.u 75U
S261 615uValleyu Julyu17,12003u 1:00up.m.u 730
S27u SixthianduAlohau Julyu17,i2003u 2:20up.m.u 57
S281 1000uAurorau Julyul7,u2003u 11:450a.m.u 78I
S291 WardiandiAurorau Julyil7,12003u 1:50up.m.u 7
S30u WardianduSixthu Julyu17,12003u 2:10up.m.u 581

[
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Exhibit 4-7. Additional Short-term Noise Measurement Results

Location Date Time Leq

T2/C81 | HarboriStepsi(plazaulevel)u Mayul6,12002  2:00up.m.u T
T3/Cu | WaterfrontiLandingu(groundulevel)u Mayi22,12002s  11:151a.m.u 75U
T ElliottuPointu(groundulevel)u Augusti7,12003s  9:151a.m.u 76U
T5u BelltownuLofti(groundulevel)u Juneud 12002y 9:451a.m.u 68l
T6u Siteu17u(groundulevel)u Augusti7,12003s  9:451a.m.u T4
T7U PortiofiSeattlei(groundulevel)u Julyu19,i2002u 2:00up.m.u 700
T8u AvaloniBelltownu(groundulevel)u Julyul7,i2002u 3:00up.m.u 700
T9/T10u = GroupuHealthu(groundulevel) Augusti8,i2003;  10:00ua.m.u T2

T AntiochiUniversityu(groundulevel)u Augusti7,i20031 - 1:20up.m.u 700
T12y PacificiScienceiCenteri(groundulevel)y  Augusti7,i2003; = 11:30u@.m.u 731
T13u Seattlellnnu(terrace)u Julyi9,12002u 4:00up.m.u 78U

Exhibit 4-8. Modeled Existing Traffic Leq(h) Noise Levels

Noise Measured  Modeled Existing
Abatement ~ Sound Level Peak Traffic
Receptor Noise Sensitive Use Criteria (dBA) Noise (dBA)
S1/Tl  163wresidentialiunitsy 671 T2 700
S2y Publicispacelandi7uunitsi 67U 63U 62U
S3u 77uresidentialiunitsiandu120u 671 T2 7l
homelessishelteribedst
Sy Parku 67u 63 63
S5u Parkiandi20uwnitsy 671 76U T4
S6u Parkiandi85uunitsy 67u 681 66U
ST Parku 671 7L 69
S8u 25uresidentialuunitsiandi75y 671 I T4
hoteliroomst
S9u Commercialiuseu T2 T T4
S10u Pedestrianuaccessl T2 I 79
S1l Commercialiusel T2 T4 T2
S12 109thoteliroomst 671 T2 700
S13 257uresidentialiunitsu 671 T2 7l
S14u Commercialiusel T2 781 77
S15u Commercialiusel T2 Tl T2
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Exhibit 4-8. Modeled Existing Traffic Leq (h) Noise Levels (continued)

Noise Measured Modeled Existing

Abatement ~ Sound Level Peak Traffic

Receptor Noise Sensitive Use Criteria (dBA) Noise (dBA)
S16u Parku 671 T2 700
S17u Parku 671 76U 731
S18u 19Quresidentialiunitsy 671 75U 77
S19/C10u  Parku 671 8L 79
S20u 636uresidentialiunitsu 671 Tl 691
S21 695uresidentialiunitsu 671 T2 700
S22 192uresidentialiunitsy 671 69U 700
S231 Parku 67u 60u 59
S24y 235thoteliroomst 671 76U 751
S251 158ihoteliroomst 671 75U 731
S261 2liresidentialiunitsu 671 731 700
S27 62uresidentialiunitsy 671 571 61u
S281 78iresidentialiunitsy 671 781 751
S29u 58iresidentialiunitsy 671 79 77
S30u 4luresidentialiunitsy 671 58I S0

Notes:uThelFHWAutrafficuinoiselabatementicriterionuisi6 7udBAuforumostinoisersensitiveulanduusesiandu
T2idBAuforicommercialiuses.wAniimpactioccurstifitheutrafficinoiseuleveliapproachesitheicriterioniwithinu
LidBAu(661ori71udBA).uNoisersensitiveulocationsithatidounotiincludeloutdooruuselareasi(FHWALActivityu
CategorylE)ihavelantinteriorinoiseuleveliimpactucriterioniofi52idBA.wNoiseulevelsithatiapproachuoriexceedu
theucriterionuareisshowniinilBOLD.u
Noise1sensitivellanduusestareishownuinuBOLD.ulfitheretisinounoisersensitiveiusel(FHWAuLActivityu
CategoryuB)iatiaureceptorulocation,itheigeneraliusetinuithatuvicinityisidescribed.wForiusesithatiareinotinoiseu
sensitive,itheinoiselabatementicriterionuisi72udBA.u

I
Exhibit 4-9. Additional Modeled Existing Traffic Leq(h) Noise Levels

Noise Measured  Modeled Existing
Abatement  Sound Level Peak Traffic
Receptor Noise Sensitive Use Criteria (dBA) Noise (dBA)
T2/C81 | 126uresidentialuunitsy 671 T 70u
T3/Cu | 235uresidentialiunitsiandi320u 671 751 66U
hoteluiroomsi
T 6duresidentialuunitsu 671 76U T2
T5u 13Liresidentialuunitsy 671 68 68l
T6u 617uresidentialuunitsy 671 T4 731
T 238ihoteliroomsi 671 700 69
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Exhibit 4-9. Additional Modeled Existing Traffic Leq(h) Noise Levels (continued)

Noise Measured  Modeled Existing

Abatement ~ Sound Level Peak Traffic

Receptor Noise Sensitive Use Criteria (dBA) Noise (dBA)
T8w 798uresidentialiunitsu 67u 700 700
T9/T10u = Childcareufacilityu 67U T2 68l
T1l AntiochuUniversityu 671 70u 661
T12 SeattleiCenteru 671 731 e
T13u 159ihoteliroomst 671 781 761
Cl Pedestrianianduibicycleiusel T2 79 781
C2 Commercialiuseu T2 I 74y
C3u Commercialiusel T2 781 781
Cdu Commercialiuseu T2 I 751
C5u Commercialiusel T2 I 731
Céu Parku 671 T2 70u
Cru Parku 671 76U 731

Notes:uTheilFHWAutrafficinoiselabatementicriterionuisi6 7udBAforumostinoisersensitiveulanduusesiandu
T2idBAuforicommercialiuses.wAniimpactioccurstifitheutrafficinoiseuleveliapproachesitheicriterioniwithinu
LidBAu(661ori71udBA).uNoisersensitiveulocationsithatidounotiincludeloutdooruuselareasi(FHWALActivityu
CategorylE)ihavelantinteriorinoiseuleveliimpacticriterioniofi52idBA.wNoiseulevelsithatiapproachuoriexceedu
theucriterionuareisshowniinilBOLD.u
NoisersensitivellanduusestiareishownuiniBOLD.ulfitheretisinounoisersensitiveiusel(FHWAuLActivityu
CategoryuB)uatiaureceptorulocation,itheigeneraliusetinithatuvicinityuisidescribed.wForiusesithatiareinotinoiseu
sensitive,itheinoiselabatementicriterionuisi72udBA.u

U

U

4.3 Existing Vibration Environment

Vibrationulevelsigeneratedibyurubberitiredivehiclesiareiusuallyunotioficoncernu
foruexistinguroadways.uHowever itherelareuperceptibleulevelsiofigroundu
vibrationuiatitheubaseuofitheuverticalisteelupiersisupportingitheiAlaskaniWayu
Viaduct.wThisimayubeidueitoitheumassiandiroadwayuspanuofitheustructure, i
whichuatisomeulocationsiisiamplifyingithewvibrationulevelsigeneratedibyuheavyu
trucksupassinguby.uw

Theuclosestibuildingsitouthewviaductistructurelareicommercial ,iwithioccasionalu
residentialibbuildingsulocatedifurtheriaway.uToidocumentithelexistingu
vibrationienvironmentiinitheselareas,ifieldimeasurementsiwerelicarriedioutiaty
representativeulocationsibeneathithewviaductistructure.wgxistinguvibrationu
levelsiresultingifromuheavyuvehiclesionitheiAlaskaniWayuViaductiwereu
measureduinifourulocationsitolestablishuaibaselineu(Exhibiti4111).wTherfourusitesy
alongithetAWVirepresentitheiclosestioccupiedibuildingsitoitheuviaducty
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structure.wTheimeasuredulevelsiareupresentediiniExhibiti4r1Oiasimaximumurmsy
velocitywvibrationiandiPPV.u

Exhibit 4-10. Ambient Vibration Levels Along Alaskan Way Viaduct

Receiver Maximum Vibration Peak Particle Velocity
ID Location Description Velocity Level Lv, VdB Level, in/s
AVATT AWVliatWacksoniStreetu 78.51 0.042u
Vi 761S uMainuStreety 66.3u 0.010u
Vai AntiqueiMarketu 88.21 0.128u
Vau AWVineanKingiStreet 77.00 0.0351

Theufollowinguisiaidescriptioniofitheuwvibrationimeasurementisitesianditheu
buildingustructuresiatitheseulocations.u

1 SitelVli—wWacksonuStreet.mMeasurementsiconductediatianuofficeu
buildingulocatediwithinusifeetiofianviaductiverticalupier.wAlaskaniWayu
isulocatedu6OufeetitouthewvwestiofitheubuildinguanduacksonuStreetu30ufeetu
toutheunorth.wThistareaiunderithewviaductiisiusediforuparking.

f  SiteuW276uS.u1MainiStreet.wuMeasurementsiwereiconductedudirectlyu
outsidelofitheubuilding.uThisiareaiunderithewviaductuisiuseduforu
parkingianditoutheleastiofitheiviaductiareithreei5istoryubrickiofficeu
buildings.u

f SitewV3—1AntiqueiMarket.wMeasurementsiwereiconducteduinufrontiofi
theuloadingudockuiofithestAntiqueiMarket.u

I SiteV4—KingiStreet.uMeasurementsiwereiconductediatiatbuildingu
withinu30ufeetiofiauviaductiverticalupier.u
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Chapter 5 OPERATIONAL IMPACTS AND BENEFITS

Longrtermuoperationalitrafficinoiseulevelsiunderialliofitheuialternativesivwerel
modelediforitheryeari2030.wlnimostiareas,ifutureinoiseulevelsiwereisimilaru
betweenualliofithelalternativesiandiexistingiconditions.wlnuthewvicinityuofu
AlaskaniWayualongutheicentraluiSeattleiwaterfront,unoiseulevelsiwouldibeulower
underuthelalternativesithatidomnotiincludeianielevatedistructure.u

TheualternativesievaluatediforinoiselanduvibrationiareuidescribeduiniAppendixu
B,uAlternativesiDescriptioniandiConstructioniMethodsiTechnicaly
Memorandum.u

5.1 No Build Alternative

Trafficunoiseulevelsiini2030uunderithesNouBuildiAlternativeiwouldicontinueutou
beusimilaritoucurrentilevelsibecauseltrafficipatternsiwouldinotisubstantiallyu
changelandupeakutrafficivolumesiwouldiincreasewonlyuslightlyubecauseucurrenti
peakuperioditrafficivolumesiareineariroadwayisystemicapacityuinumuchuofitheu
studyuarea.uTrafficunoiseulevelsiwouldicontinueitolapproachioriexceeditheu
FHW Aunoiselabatementicriteriathroughoutimuchuofitheustudyuarea.u

Loudestuhourutrafficinoiseulevelsiwouldirangeibetweenu60uandu79udB Auatitheu
modeledulocationsu(Exhibitsi51luiandu512).wTrafficunoiseulevelsiareupredictedutou
changeubetweeniai2zidBAidecreaselandiai2zidBAuincreaseicomparedutolexistingu
levelsibecauselofiminorichangesuinutrafficupatternsicompareditouexistingutrafficu
patterns.uwAi21dBAuchangelininoisellevelsiisitheismallestichangeithaticanubeu
heardibyusensitiveulisteners.uwTheimodeledutrafficinoiseulevelsiapproachuoru
exceedithelFHWAunoiselabatementicriteriaiati42iofithei48imodeledusitesi
representingiapproximatelyu4,490iresidentialiunits,i1,290uhotelirooms,iandu120u
shelteribeds.uNineuofitheusitesirepresentiparkiorupubliciopenispaceiuses,ionel
representsiaichildcareifacility yanditenusitesirepresenticommercialioriotherulessu
noisersensitivelusesionlyu(Exhibiti513).mManyuofitheuresidentialianduhotelusitesy
dounotuihaveuprivateloutdooriuselareas.uThelappropriateicriterioniatitheseusitesu
isi521dBAu(CategoryiE)uinsideitheibuildinguwithutheiwindowsiclosed.u

Toubetteridemonstrateutheleffectsiofithewvariousialternativesionitheiacousticu
environment,itheunoiseuprofileiwasimodelediatiaitypicalilocationialongutheu
centraliwaterfronty(Exhibiti514).uwTheulocationiwasiselecteditoudemonstrateitheu
trafficuinoiseupatternuinurelationitousurface,ielevated,iandidepressediroadwayu
sourcesiforitheiproposediroadwaylandisidewalkiconfigurationsialongutheu
waterfront.uw
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Exhibit 5-1. Modeled 2030 Peak Traffic Leq(n) Noise Levels

2002 Bypass
Receptor  Noise-Sensitive Use  Existing No Build Rebuild Aerial Tunnel Tunnel Surface
STy 163uresidentialuunitsy 700 701 Tl Tl 700 700 T
S2 Publicispaceiandu
Tuwunitsu 62u 621 611 62u 5% 5% 61u
S3u TTuresidentialuunitsy
andu120thomelessi
shelteribedsu 7 T T2 Tl 700 Tl 731
Sy Parku 631 621 621 621 601 601 621
S5l Parkiandu20wnitsy 74 T4 T2 751 661 651 T2
S6u Parkiandu85uunitsu 661 67u 661 67U 64 64 671
S7u Parku 69U 70u 69U 700 68U 69U 700
S8u 25uresidentialuunitsy
andi75ihoteliroomsi T4 75U T4 751 65U 65U Tl
S9u Commercialuseu T4 751 T4 T4 631 651 7
S10u Pedestrianuaccesst 79 79 79 79 Tl N/Ai  N/Au
S1ly  Commercialwusel T2 T2 T2 T2 691 681 700
S12y 109uhoteluroomsi 70u 70u 700 70u 681 681 700
S13u 257uresidentialuunitsy Tl Tl T Tl 69 700 T
S14y Commercialuseu 77 77 T 77 Tl 731 79
S151  Commercialwusel T2 T2 T2 T2 601 621 681
S16u Parki 700 700 71 700 61u 61u 671
S17u Parku 731 T4l T4 731 64U 641 700
S18u 19Quresidentialuiunitsi T T T T 700 69 761
S19/C10u  Parku 79 79 79 79 80u 79 781
S20u  636uresidentialuunitsy 69 T Tl 700 700 691 691
S211 695uresidentialuunitsy 700 T2 T2 7 700 691 T
S22y 192uresidentialuunitsi 700 691 691 69 691 691 691
S231 | Parku 5% 60u 60u 60u 60u 60u 60u
S24u 2351hoteliroomsi 751 76U 76U 76U 761 761 761
S25y 158uhoteluroomst 731 T4 T4 T4 T4 731 T4
S261  2luresidentialuunitsy 700 T Tl Tl T4 T4 T
S27u  62residentialuunitsy 611 621 621 621 621 621 621
S281  78uresidentialuunitsy 751 761 761 761 761 761 761
S29 58iresidentialuunitsy 7 78U 78U 781 781 781 781
S30u  4luresidentialuunitsy 59 61u 611 61u 611 611 61u
Note:uValuesiintBBOLDuapproachuoriexceeditheiFHWAuNnoiselabatementicriteriauforutrafficunoise.u
N/A=iNotiapplicable;ithisireceiveriwouldibeiwithinitheiroadwayuunderithisialternative.u
Il
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Exhibit 5-2. Additional Modeled 2030 Peak Traffic Leq(h) Noise Levels

Receptor Noise-Sensitive Use

2002
Existing No Build Rebuild Aerial

T2/C81  126uresidentialiunitsi

T3/Cu  235uresidentialiunitsi
andi320uhoteliroomsi

T 64duresidentialuiunitsi
T5u 13Liresidentialiunitsy
T6u 617uresidentialuunitsy
T7 238ihoteliroomsi
T8uw 798uresidentialuiunitsi
TW/T10 Childcareufacilityu
T1L AntiochuUniversityu
Ti2 SeattleiCenteru
T13u 159hoteliroomsu

Clu Pedestrianiandu
bicyclewuseu

C2 Commercialwusel
C3u Commercialwusel
Cdu Commercialwusel
Chi Commercialwusel
Céu Parku
Cn Parku

70u

~N ~
o bn
= =

73U

D O N oo N o o~
A N D O B O W
= = = = = = =

N O OO N O N o N o
N N 0O D © W © W o
= = = = = = = = =

~N N OO O N OO N o N o
o N N O P O W O DM N
= = = = = = = = = =

Bypass
Tunnel Tunnel Surface
661 661 700
T2 691 681
731 T2 T2
691 681 681
T2 T 73U
75U T2 T4l
Tl Tl 70u
691 691 691
671 671 671
T2 T2 T2
781 781 781
N/Ai N/Aw  N/Auw
631 651 T
N/Aw  N/Aw  N/Auw
68U N/Aw  N/AW
661 701 7
60u 62 68u
621 64u Tl

Note:wValuesiinlBOL DuapproachuoriexceedithelFHWAunoiselabatementucriteriauforutrafficunoise.u
N/Aw=iNotiapplicable;ithisireceiveriwouldibeiwithinitheiroadwayuunderithisialternative.u

Exhibit 5-3. Number of Receptors Experiencing Noise Impacts

Land Use Impacted

Childcare/ Commercial
Residential Hotel Shelter Education Use Only

Alternative Units Rooms Beds Parks Facilities Receptors
2002iExistingu 4,4901 1,290u 1200 ] 2 10u
NouBuildu 4,4900 1,290u 120u Il Lu 10u
Rebuildu 4,490u 1,290u 1201 el 2l 100
Aerialu 4,490u 1,290u 1201 9 2l 100
Tunnelu 4,250u 1,290 120u 4y 2 3
BypassiTunnelu 4,360u 1,290u 120u 3 2 51
Surfacel 4,490u 1,290u 1201 el 2l 51

Note:wResidentialiUnits,uHotelilRooms,landishelteriBedsiareitheinumberuofiindividualwunits.uParks,u
Childcare/EducationuFacilities,landiCommercialitUseiOnlyuReceptorsiareitheitnumberiofimodeledusitesu

thaturepresentitheseuuses.u
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Theutrafficunoiseuprofileiwasicalculateduiasiauty picalicrossisectionithroughutheu
roadwaylandiadjacentipiersiandibuildings.uExhibiti515upresentsitheutrafficu
noiselprofileiforitheiNoiBuildiAlternative.uTrafficinoiseulevelsiareigreatestu
nearithelexistinguviaductiandidecreaseuwwithudistanceifromutheustructure.uw
Surfacelstreetutrafficialsouicontributesitoutheinoiseulevelsinearutheisurfaceu
roadways.uTheimodeleditrafficinoiseuleveliisigreaterithanitheslFHW Aunoiseu
abatementicriteriauforithelentirelareaiincludeduinutheinoiseuprofileicalculation.u

dBA
80 -

75 -

65 -

distance (feet)
250

Exhibit 5-5. No Build Alternative Noise Profile at Spring Street

Note:wFHWAutrafficinoiseliabatementicriterionuisi6 7udBA.u

Ifitheusurfaceiroadway itrolleyitracks,landibicyclelandipedestrianifacilityu
locationstareushifted,itheinoiseilevelsithatiwoulduiresultifromutheurevisedu
configurationucanubelestimatedubyuselectinguaniappropriateuoffsetuidistanceuony
theunoiseuprofilesiandireadingitheinoiseuleveliatithatilocationuoffiofitheichart.u

Inladditionutoutherfourusitesumodeleditolexperiencelsevereunoiselimpactsiundertu
existingiconditions,itwoladditionalisitesiwouldiexperienceisevereinoisel
impactsiini2030uunderutheitNouBuilduAlternative.wTheusitesiwhereusevereinoisel
impactsi(soundulevelsiexceedingu75idBAuatisensitiveilandiuses)iareliexpectedu
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areuS18,uS19,uS24,1528,1S29,landuT13 urepresentingu326uresidentialuunits,i394u
hotelirooms,iandioneipark.u

Totalinoiseulevelsiatimanyuofitheusitesiwouldubeigreaterithanutheupredictedu
trafficunoiseulevelibecauseinonitrafficisoundisourcesicontributeusubstantiallyutou
theutotalienvironmentalinoiseuleveliinumuchuofitheistudyuarea.uNonitrafficu
noiselsourcestatithewvariousisitesiincludeduaircraft,isoundsifromirestaurantsi
anduotheribusinesses,isidewalkinoise,iconstructionunoise,ibuildingimechanicalu
noise,lalarms,iandisirens.u

InitheleventithatithetAlaskaniWayuViaductiwouldihaveutoubeicloseduinutheu
future,ieitheruithroughicollapseloriseismicidamage,ipeakutrafficinoiseulevelsuini
theustudyuareaiwouldibeisomewhatilessithanitheumodelediresultsibecausel
thereiwouldibeireducediroadwayicapacityiresultinguinuloweritrafficivolumesi
anduloweriaverageuspeeds.uWithulossioriclosurelofithelexistinguAlaskaniWayu
Viaduct,itrafficinoiseulevelsiwouldulikelyubeisimilaritoithoseipresentediforuthel
SurfacelAlternative.u

TheuiNouBuildiAlternativeidoesinotiincludeimodificationsianduupgradesitoutheu
BatteryuStreetiTunneliventilationusystem;itherefore,itheremwouldinotibeuau
substantialichangelinumechanicalisysteminoiseiunderitheiNouBuildu
Alternative.u

VibrationulevelsiunderitheiNouBuilduAlternativeiwouldicontinueutoubeusimilary
touthoseucurrentlyiexperiencedinearithetAlaskaniWayuViaduct.u

5.2 Rebuild Alternative

Trafficinoiseulevelstinui2030uunderitheiRebuilduAlternativeiwouldicontinueutou
beusimilarutoucurrentulevelsiandithoseiunderitheuNouBuilduAlternativelinumostu
ofitheustudyuareaibecauseitrafficipatternsivwouldibeusimilaritoicurrentupatterns.u
Peakutrafficivolumesiwoulduincreaseuionlyuslightlyubecauseicurrentipeakuperiodu
trafficivolumesiaresalreadyuneariroadwayusystemucapacitylinumuchuofitheu
studyuarea.l

UnderutheiRebuilduAlternative,ulloudestihourutrafficuinoiseulevelsiwouldirangel
betweenu60uandu79udBAuatitheimodeledulocationu(seelExhibitsiSiliandub12).u
Trafficunoiseulevelsiareupredicteditoichangeibetweenuai2idBAudecreaseiandiai2z
dBAuincreaseicompareduitolexistingulevels.uTheseismallichangesiwoulduoccuru
becauselofichangesiinutrafficupatternsulargelyuresultingufromuichangesitolonu
anduoffrrampulocations.u

TheuimodeledutrafficinoiseulevelsiapproachioriexceeditheiFHWAuNnoisel
abatementicriteriavati43iofithei48imodeledusites.uTheusitesumodeledutou
approachuoriexceeditheiFHWAunoiselabatementicriteriairepresentu
approximatelyu4,490uresidentialuunits,u1,290uhotelirooms,uandul20ushelteribeds.w
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Ninewofitheusitesuirepresentiparkiorupubliciopenuspaceiuses,itwolrepresenti
educationalioruchildcareufacilities,janditenusitesirepresenticommercialioriotheru
lessinoisersensitivelusesionlyu(seelExhibiti513).wManyuofithewresidentialiandu
hotelisitesidounotihaveuprivateioutdooriuselareas,ibutimostihaveiwindowsithatu
open.uTheisamelsixisitesimodeleditolexperienceusevereinoiselimpactsiunderu
theuNouBuilduAlternativeiwouldialsolexperienceisevereuinoiselimpactsuinui2030u
underitheiRebuilduAlternative.wTheusitesiwhereusevereinoiselimpactsiarel
expectediareiS18,1S19,1S24,uS28,1S29,landuT13,urepresentingu326uresidentialy
units,i394ihotelirooms,landioneupark.u

Totaluinoiseulevelsiatimanyuofitheusitesiwouldibeugreaterithanutheupredictedu
trafficuinoiseulevelibecauseinonitrafficisoundisourcesicontributeisubstantiallyutou
theutotalienvironmentalinoiseuleveliinumuchuofitheistudyuarea.uNonzitrafficu
noiseusourcesiatithewvariousisitesiincludeduaircraft,usoundsifromurestaurantsy
anduotheribusinesses,isidewalkinoise,iconstructionunoise,ibuildingimechanicalu
noise,lalarms,landisirens.u

5.2.1 Traffic Noise South of the Battery Street Tunnel

InithelareaisouthuofitheiBatteryuStreetiTunnelu(ReceptorsiS1utouS19,uT LutouT5,u
T7 yanduCluitouC9),itrafficunoiseulevelsiwoulduvaryuibyuuputoi2udBAicomparedutou
existingiconditions.uwAtitheiWwashingtonuStreetiBoatiLanding,utrafficinoiseu
levelsiareupredicteditoidecreaseubyu2idBAuasiairesultiofichangedualignmentiofi
theustructurelinithatiarea,iwhichiwouldieliminateitheistackedudesigni(theu
roadwayuforioneudirectionuofitravelilocatediaboveitheiroadwayuforitheiotheru
directionuofitravel)uinuithatuvicinity.wAulidBAuincreaselisipredictediatiReceptoru
C1,itheubicycleiandupedestrianutrailialongitheiAlaskaniWayusurfaceustreet,iasiau
resultiofismallichangesitolialignmentianduincreasedutrafficivolumeubyu2030.u

AutrafficunoiseuprofileiwasidevelopediatitheisameulocationiforuitheilRebuildu
AlternativelasiforitheiNouBuilduAlternativeu(Exhibitu516).u

5.2.2 Traffic Noise in Belltown and the North Waterfront

InitheuiBelltownianduNorthiWaterfrontiareau(ReceptorsuS20utouiS22ianduT6,uT8utou
T12),utrafficinoiseulevelsiwouldivaryibyuupitoi2udBAicompareduitolexistingu
conditionsiasiauresultiofichangestinutrafficupatternsiinitheiBelltownuarea.u

Broad Street Underpass not Constructed

InitheleventithatitheuiBroaduStreetuunderpassuisinoticonstructed,utrafficitoiandu
fromuiMagnoliasanditheiBallardiBridgeiwouldicontinueutoibewrouteduiprimarilyu
alongiElliottiandiWesterniAvenuesiviaireconstructedirampsisouthuofitheu
BatteryuStreetiTunnel.wuCompareduitoithelanalyzedualternative, ithisioptionu
couldishiftiaussmallivolumeuofitrafficioffiofitheiAlaskaniWayusurfaceustreetiontou
theurebuiltiviaductisouthuofitheuBatteryuStreetiTunneliandiontouElliottuiandu
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Western Avenues through Belltown. This option is expected to change traffic
volumes during the loudest hour by less than 25 percent; therefore, noise
levels would change by less than 1 dBA. Along the northern waterfront, the
traffic and associated noise would decrease slightly, while along Elliott and
Western Avenues it would increase slightly.

dBA
Bo-

70 -

65 -

B0 - I WE—E-B—I

T F T T =

Exhibit 5-6. Rebuild Alternative Noise Profile at Spring Street
Note: FHWA traffic noise abatement criterion is 67 dBA.

5.2.3 Traffic Noise North of the Battery Street Tunnel

In the area north of the Battery Street Tunnel (Receptors S23 to S30 and T13),
traffic noise levels would increase by up to 2 dBA compared to existing
conditions as a result of changes in traffic in the area (see Exhibits 5-1 and 5-2).

5.2.4 Vibration Impacts

Long-term vibration impacts under the Rebuild Alternative would be similar
to existing levels because the rebuilt viaduct structure would be in a similar
location and would have a similarly configured but strengthened support
structure compared to the existing viaduct.
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5.3 Aerial Alternative

TheuconfigurationiandutrafficioperationsiofitheuiAerialuAlternativelareiveryu
similaruitoitheiRebuilduAlternative;itherefore,itrafficinoiseulevelsiini2030wnderu
theuAerialiAlternativeiwouldibeinearlyuidenticalitoitheiRebuilduAlternative.u
LikeitheiRebuilduAlternative,illoudestuthourutrafficinoiseulevelsiunderithetAerialu
Alternativeiwouldirangeibetweenu59uandi79udBAuatuimodeledulocationsi(seeu
Exhibitsisiliandu512).uTrafficunoiseulevelsiareupredicteditoichangeibetweenuau
21dBAudecreaselandiai2rdBAuincreaseicomparedutolexistingulevels.u

TheumodeledutrafficinoiseulevelsiapproachuoriexceeditheilFHWAunoiseu
abatementucriterialati43iofitherd8imodeledusites.uTheusitesimodeledutou
approachuoriexceeditheitFHWAunoiselabatementicriteriairepresentu
approximatelyud,490uresidentialuiunits,i1,290uhotelirooms,iandil20ushelteribeds.u
Ninewofitheusitesirepresentuparkiorupubliciopenuspaceiuses,itwolrepresenti
educationalioruchildcareufacilities,janditenusitesirepresenticommercialioriotheru
lessinoisersensitivelusestonlyu(seelExhibiti513).wManyuofithewresidentialiandu
hotelisitesidounotihaveuprivateioutdooriuselareas,ibutimostihaveiwindowsithatu
open.uTheisamelsixisitesimodeleditolexperiencelsevereinoiselimpactsiunderi
theuNouBuildiandiRebuildiAlternativesiwouldialsolexperienceisevereinoisel
impactsiini2030uunderuthelAerialiAlternative.wTheusitesiwhereusevereinoisel
impactsiarelexpectediareiS18,1S19,1S24,1S28,uS29,ilanduT13,urepresentingu326u
residentialuiunits,i394ihotelirooms,iandioneupark.u

Totalinoiseulevelsiatimanyuofitheusitesiwouldubeigreaterithanutheupredictedu
trafficunoiseulevelibecauseinonitrafficisoundisourcesicontributeusubstantiallyutou
theutotalienvironmentalinoiseuleveliinumuchuofitheistudyuarea.uNonzitrafficu
noiselsourcesiatithewvariousisitestincludeduaircraft,isoundsifromurestaurantsi
anduotheribusinesses,isidewalkinoise,iconstructionunoise,ibuildingimechanicalu
noise,lalarms,iandisirens.u

5.3.1 Traffic Noise South of the Battery Street Tunnel

InithelareaisouthuofitheiBatteryuStreetiTunnelu(ReceptorsiS1utouS19,uT LutouT5,u
T7 yanduCluitouC9),itrafficunoiseulevelsiwoulduvaryuibyuuputouludBAicomparedutou
existinguconditionsiasiauresultiofismallichangesuinutrafficupatternsiandu
volumes.uTheseichangestinutrafficuinoiseulevelsiwouldinotibelaudible.u

TheutrafficunoiseuprofileiwasidevelopediatitheisameulocationuforuthesAerialy
Alternativelasiforitheiotherualternativesi(Exhibiti517).u

Option: SR 99 At-Grade With SR 519 Elevated Interchange

TheuareausouthuofiS.uKinguStreetiwasinoticonsidereduinuthisianalysisubecausel
therelareinounoisersensitiveulandiusesisouthuofiS.iRoyaliBroughamiWay.u
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5.3.2 Traffic Noise in Belltown and the North Waterfront

In the Belltown and North Waterfront area (Receptors S20 to S22 and T6, T8 to
T12), traffic noise levels would vary by up to 1 dBA compared to existing
conditions as a result of changes in traffic patterns in the Belltown area. These
changes in traffic noise levels would not be audible.

dBA
B -

BS -
Seneca Street

150 200

Exhibit 5-7. Aerial Alternative Noise Profile at Spring Street
Note: FHWA traffic noise abatement criterion is 67 dBA.

Broad Street Underpass not Constructed

In the event that the Broad Street underpass is not constructed, traffic to and
from Magnolia and the Ballard Bridge would continue to be routed primarily
along Elliott and Western Avenues via reconstructed ramps south of the
Battery Street Tunnel. Compared to the analyzed alternative, this option
could shift a small volume of traffic off of the Alaskan Way surface street onto
the rebuilt viaduct south of the Battery Street Tunnel and onto Elliott and
Western Avenues through Belltown. This option is expected to change traffic
noise levels by less than 1 dBA as a result of shifting the traffic from the
waterfront to Belltown.
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5.3.3 Traffic Noise North of the Battery Street Tunnel

InithelareaunorthuofitheuBatteryuStreetiTunneli(ReceptorsiS23utouS30iandiT13),u
trafficunoiseulevelsiwoulduvaryubyuuputoi2icdBAicompareduitoiexistingu
conditionsiastauresultiofiwwideninguofiMerceruStreetiandichangesuinutrafficuinu
thelarea.uwTheseichangestinutrafficinoiseulevelsiwouldinotibelaudible.u

Option: Lowered Aurora/SR 99

TheuoptionitouloweriAuroratAvenueinorthiofitheiBatteryuStreetuTunnelivwouldu
reduceutrafficinoiseulevelsisomewhatiatireceptorsinorthiofithestunnely
(ReceptorsiS24utouS30)ubecauseitheuretaininguwallsialongutheuloweredusectionu
wouldishieldiadjacentiareasifromunoise.uTrafficinoiseulevelsivwouldulikelyubeu
reducedibyibetweenuliandiSidBAuinuthisiarea,idependinguonitheslocationuofitheu
receptor.u

5.3.4 Ventilation System Noise

ImprovementsitoitheiBatteryuStreetiTunneliwouldiincludeuthelextensionuofitheu
tunneluportalsianduinstallationuofijetifansitouprovideiemergencyiandu
supplementaliventilation.uwWithinutheutunnel uithewventilationifansiandujetufansy
wouldibeidesignedifori92idBAuatulOufeetifromueitheritheifanioutletiorijetifans.w
Therelareuseveraliresidentialiusesinearitheisouthuportal:wElliottuPointy
Apartments,iBelltowniLoftiCondominiums,iandi2300uElliottuApartments.uTheu
HolidayulnnuianduSeattleulnnuhotelsiareiwithinioneublockiofitheuinorthuportal.w
Theyjetufansiarelexpecteditoloperateiduringupeakitrafficuperiodsianduini
emergencies.uDuringunormalioperations,itheifansiwouldioperatelatireducedu
output.wTheljetifansiwouldibeudesigneduinotitolexceedi57uidBAlatitheinearestu
residentialupropertyilineiduringinormalidaytimeloperations.ulfitheyuinormallyu
wouldibeloperatediduringunighttimeshoursi(10up.m.itou7ua.m.lonivweekdaysi
andu10up.m.utoudua.m.uonuweekends)itheyiwouldibeidesignedinotitoiexceedid 7u
dBAuduringuthosethours.u

5.3.5 Vibration Impacts

LongrtermuvibrationiimpactsiunderitheiAerialiAlternativeiwouldibeisimilarutou
existingulevels,ibecauseitheinewiviaductistructureiwouldibesinuaisimilaru
locationutouthelexistinguviaduct.uVibrationienergyuwouldicontinueutoubel
transferredufromutheustructurestoitheigrounduviaitheicolumns.u

5.4 Tunnel Alternative

TrafficioperationsiwithitheiTunneliAlternativelareisimilaritoithetAerialiandu
RebuilduAlternatives;ihowever,iSRi99itrafficialongitheicentraliwaterfrontu
wouldibewroutediunderground,isubstantiallyureducingutrafficinoisesinuthatu
area.uLoudestihouritrafficunoiseulevelsiunderitheiTunneliAlternativemwvouldu
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rangeubetweenu58iandi80udBAlatimodeledulocationsi(seelExhibitsibiliandubi2).uw
Trafficinoiseulevelsiareupredicteditoichangeibetweenuail21dBAudecreaselanduay
61dBAuincreaseicomparedutolexistingulevels.uAul21dBAuidecreaselinutrafficu
noisellevelsisoundsiapproximatelyulikelaihalvinguofitheinoiseulevel.u

TheuimodeledutrafficinoiseulevelsiapproachuoriexceeditheilFHWAuINnoisel
abatementucriteriavati30iofithei48imodeledusites.uTheusitesumodeledutou
approachuoriexceeditheilFHWAunoiselabatementicriteriairepresenty
approximatelyu4,250uresidentialuiunits,u1,290uhotelirooms,iandu120ushelteribeds.w
Fouruofitheusitesirepresentuparkuoruipubliciopenispaceiuses,itwourepresentu
educationaliorichildcareufacilities,iandithreeusitesirepresenticommercialiori
otherulessinoiseisensitivelusesionlyu(Exhibiti513).mwManyuofitheuresidentialiandu
hotelisitesidounotihaveuprivateioutdooriuselareasiandihaveuonlylindoorinoiserl
sensitivelusesi(ActivityuCategoryuE).u

Theusamelusixisitesimodeleditolexperienceusevereinoiselimpactsiunderutheu
previousialternativesiwouldialsolexperiencelsevereunoisetimpactsuinu2030u
underitheiTunneliAlternative.uwThelsitesiwhereusevereinoiselimpactsiarel
expectediareuS18,1S19,1S24,uS28,1S29,landuT13,urepresentingu326uresidentialy
units,u1394uhotelirooms,landioneupark.i

Totalinoiseulevelsiatimanyuofitheusitesiwouldibeigreaterithanitheupredictedu
trafficinoiseulevelibecauseinonitrafficisounduisourcesicontributeuisubstantial lyutou
theutotalienvironmentalinoiseuleveliinumuchuofitheistudyuarea.uNonzitrafficu
noiseusourcesiatitheivariousisitesiincludeduaircraft,isoundsifromurestaurantsi
anduotheribusinesses,isidewalkinoise,iconstructionunoise,ibuildingimechanicalu
noise,lalarms,landisirens.l

At-grade Design Option South of South King Street

ThelareausouthuofiS.uKinguStreetiwasinoticonsidereduinuthisianalysisibecausel
therelareinoinoisersensitiveulanduusesisouthuiofiS.iRoyaliBroughamuWay .

5.4.1 Traffic Noise South of the Battery Street Tunnel

InithelareaisouthuofitheiBatteryuStreetiTunnelu(ReceptorsiS1utouS19,uT LutouT5,u
T7 slanduClitouC9),utrafficinoiseulevelsiwouldivaryibetweeniail21dBAudecreasel
anduai6idBAuincreaseicompareduitolexistingiconditions.uwAtitheisouthuenduofu
thesWaterfrontiLandingiCondominiums,itrafficinoiseulevelsiareipredictedutou
increaselbyu6idBAuwhereitheiwaterfrontitunneliwoulditransitionuintolanuaerialy
structureitoiconnectitouthelexistinguBatteryuStreetiTunnel.wAtithisilocation,iSRu
9auisicurrentlyuoverhead,ibutiwouldibeinearigroundilevelianduclimbingu
towardsitheiBatteryuStreetiTunneliunderitheiTunneliAlternative;itherefore,u
thereiwouldubelatdirectulinetofisightutoutrafficufromuthisulocation.w
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Receptors south of Pike Street along the waterfront and within one to two
blocks east of Alaskan Way (Receptors S5, S8, S15, S16, S17, and C2) would
experience decreases in traffic noise levels compared to existing levels of
between 8 and 12 dBA as a result of eliminating traffic on the Alaskan Way
Viaduct as a noise source. Traffic noise in this area would subjectively be
between noticeably quieter and one-half as loud as existing traffic noise levels
in this area.

A traffic noise profile was developed at the same location for the Tunnel
Alternative as for the other alternatives (Exhibit 5-8). The noise profile for the
Tunnel Alternative is approximately 10 dBA lower than the alternatives with
only aboveground traffic. This can be observed by comparing the scale along
the left of the exhibits.

dBA
an-

75-

/0 -

distance (feex]

150 Z2nn #8340

Exhibit 5-8. Tunnel Alternative Noise Profile at Spring Street
Note: FHWA traffic noise abatement criterion is 67 dBA.

5.4.2 Traffic Noise in Belltown and the North Waterfront

In the Belltown and North Waterfront area (Receptors S20 to S22 and T6, T8 to
T12), traffic noise levels would vary by up to 2 dBA compared to existing
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conditionsiasiauresultiofichangesuinutrafficupatternsuinitheuBelltownuarea.wTheseu
changestinutrafficuinoiseulevelsiwouldinotibetaudible.u

Broad Street Underpass not Constructed

InuitheteventithatitheiBroaduStreetiunderpasstisinoticonstructed irampsiwouldu
needitoubeiconstructedifromuAlaskaniWayunorthuofitheicentraliwaterfrontu
tunnelitoiElliottuand/oriWesterniAvenuesitoureplaceuthelexistingiconnectionsi
touthetAlaskaniWayuViaductiinuthatiarea.wThisioptioniwouldushiftitrafficioffuofu
thetAlaskaniWayisurfaceustreetiintoitheicentraliwaterfrontitunneliandiontou
ElliottiandiWesterniAvenuesithroughiBelltown.uThistoptionicouldureduceu
trafficinoiseulevelsialongitheinorthiwaterfrontianduincreaseithemualonguElliottu
anduiWesterniAvenuesibyulitoi2udBAicompareditoitheutrafficunoiselanalysisi
resultsuiforuitheiTunneliAlternative.u

5.4.3 Traffic Noise North of the Battery Street Tunnel

InithelareaunorthuofitheuBatteryuStreetiTunneli(ReceptorsiS23utoiS30iandiT13),u
trafficunoiseulevelsiwouldivaryubyuuputoi2idBAicompareditolexistingu
conditionsiasiauresultiofiwideningiofiMerceriStreetiandichangesuinutrafficuiny
thelarea.uTheseichangesiinutrafficinoiseulevelsiwouldinotibelaudible.u

5.4.4 Ventilation System Noise

Theucentraliwaterfrontitunneliwouldirequireitheiconstructioniandioperationuofi
aimechanicaliventilationisystemiwithuseveraliventilationistacks.uwAtitheusouthu
portaliandiKinguStreetiventubuilding,itherelaresmostlylindustrialiandu
commercialiuses.uThewentilationifansiwouldibeudesigneduinotutolexceedu
60udBAuatitheinearesticommercialipropertyulineiduringinormalioperations.u

TherelareutwouresidentialireceiversinearitheuYesleriwayiventibuilding,itheu
TravelersiHotellanduPioneeriSquareiHotel.wTheuclosestireceiversitoitheiSpringu
Streetuventibuildinguareicommercialiuses.wHowever,uHarboruStepsi
ApartmentsiandiGrandiPacificutCondominiums,ulocatediapproximatelyioneu
blockifromuthewventibuilding,lareutheuclosestiresidentialiuses.wThereuarel
severaliresidentialiusesinearitheiPikeuStreetiventubuilding:uMarketiSquare,u
HillclimbuCourt,ujandiRossiManor.uTheuclosestiresidentialireceiversitouthel
northuportaliofithewwaterfrontitunneliareitheiWaterfrontiLandingsu
CondominiumsianduMarriottiHotel.wThewentilationifansiwouldibeudesignedu
notitolexceedieitheri6OudBAuatitheinearesticommercialiusesiori57udBAuatitheu
propertyulinelofitheinearestiresidentialuiuseiduringuinormalioperations, i
whicheveriisitheimostirestrictive.ulfitheyinormallyiwouldibeloperatediduringu
nighttimeuhoursi(10up.m.uitou7ua.m.woniweekdaysiandulOup.m.utouua. m.uonu
weekends)itheyiwouldibeidesignedinotitoiexceeduid 7udB Auatitheupropertyulineu
ofitheunearestiresidentialuiuseiduringunighttimethours.u
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ImprovementsitoitheiBatteryuStreetiTunneliwoulduincludeitheiextensioniofitheu
tunneluportalsianduinstallationuofijetifansitouprovideilemergencyiandu
supplementaliventilation.uWithinutheitunnel uithewventilationifansiandujetifansy
wouldibeudesignedifori92uidBAuatilQuifeetifromueitheritherfanuoutletiorijetifans.u
Thereuareiseveraliresidentialiusesinearitheisouthuportal:wElliottuPointy
Apartments,iBelltowniLoftiCondominiums,iandi2300uElliottuApartments.uTheu
HolidayulnnianduSeattleulnnuhotelsiarewithinioneublockiofitheinorthuportal.w
Theujetifansiwouldibeidesignedinotitolexceedi57udBAuatitheinearestiresidentiali
propertyulineiduringinormalidaytimeloperations.ulfitheyunormallyiwouldubel
operatediduringunighttimeuhoursitheyiwouldibeidesignedinotitouexceedu4 7.
dBAuduringunighttimeshours.u

5.4.5 Vibration Impacts

LongrtermupeakuvibrationulevelsiunderitheiTunneliAlternativeiwouldubeulessu
thanuexistingulevelsibecausewvibrationienergyufromutrafficitravelinguinitheu
tunneliorionutheusurfaceiwouldinotibeiconcentratediinuthewvicinityuofipiers.u

5.5 Bypass Tunnel Alternative

TrafficioperationsiwithitheiBypassiTunneliAlternativelareisimilarutoutheu
TunneltAlternative, ibutitrafficitravelingubetweenusouthiandiwestiSeattlelandu
Interbay,iMagnolia,;landiQueeniAnneiwoulditravelialonguitheicentralu
waterfrontionitheuAlaskaniWayusurfaceustreet.wAsiauresult,utrafficivolumesiandu
noisellevelsialongitheicentraliwaterfrontiwouldubeuslightlyshigherithanuunderu
theiTunneliAlternative,ibutistillilowerithaniunderithelotherialternatives.u
LoudestuhourutrafficinoiseulevelsiunderitheiBypassiTunneliAlternativeiwouldy
rangeubetweeni59uandi7udBAlatimodeledulocationsi(seelExhibitsibiliandubi2).u
Trafficinoiseulevelsiareipredicteditoichangeibetweeniail0rdBAudecreaseianduay
3i1dBAuincreaseicomparedutouexistingulevels.wAu101dBAudecreasetinitrafficy
noisellevelsisoundsiapproximatelyilikeiathalvinguofitheinoiseulevel.u

TheumodeleduitrafficinoiseulevelsiapproachuoriexceeditheilFHWAunoisel
abatementicriterialati30uofitheid8imodeledisites.uTheusitesimodeledutou
approachuoriexceeditheilFHWAunoiselabatementicriteriairepresenty
approximatelyu4,360uresidentialuiunits,u1,290uhotelirooms,iandul120ushelteribeds.w
Threeuofitheusitesirepresentiparkiorupubliciopenispaceuuses,itwolirepresenty
educationalioruchildcareufacilities, landifiveusitesirepresenticommercialioriotheru
lessinoisersensitivelusesionlyi(seelExhibiti513).wManyuofithewresidentialiandu
hotelisitesidounotihaveuprivateioutdooriuselareas,ibutimostihaveiwindowsithaty
open.u

Theusameusixisitesimodeledutolexperienceusevereinoiselimpactsiunderitheu
previousialternativesiwouldualsolexperienceusevereinoiselimpactsuini2030u
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underutheiBypassiTunneliAlternative.uTheisitesiwhereisevereinoiselimpactsi
arelexpecteduareuS18,1S19,1524,1S28,1S29,uianduiT13, urepresentingu326uresidentialu
units,i394ihotelirooms,iandioneupark.u

Totalunoiseulevelsiatimanyuofitheusitesiwouldibeugreaterithanutheupredictedu
trafficuinoiseulevelibecauseinonitrafficisoundisourcesicontributeisubstantiallyutou
theutotalienvironmentalinoiseuleveliinumuchuofitheistudyuarea.uNonitrafficu
noiseusourcesiatithewvariousisitesiincludeduaircraft,usoundsifromurestaurantsi
anduotheribusinesses,isidewalkinoise,iconstructionunoise,ibuildingimechanicalu
noise,lalarms,iandisirens.u

5.5.1 Traffic Noise South of the Battery Street Tunnel

InithelareaisouthuofitheiBatteryuStreetiTunnelu(ReceptorsiS1utouS19,uT LutouT5,u
T7,sanduClitouC7),utrafficinoiseulevelsiwouldivaryibetweeniail0idBAudecreasel
anduanui3idBAuincreaseicompareduitouexistingiconditions.wTheutrafficuinoiseulevel
initheworiginalulocationsiwouldibeusimilaritoutheunoiseulevelsimodelediwunderi
theiTunneliAlternative.wAtitheisouthuendiofitheswWaterfrontiLandingu
Condominiums,itrafficinoiseulevelsiareupredictedutolincreaseubyuduidBAuwherey
thewwaterfrontitunneliwoulditransitionuintolanuaerialistructureutoiconnectutou
thelexistingiBatteryuStreetuTunnel.uu

ReceptorsisouthiofiPikeuStreetialonguthemwaterfrontiandiwithinuoneutoutwou
blocksieastiofuAlaskaniWayu(ReceptorsiS5,uS8,1S15,1S16,uS17 janduC2)uvwouldu
experienceidecreasesiinutrafficinoiseulevelsicompareditolexistingulevelsiofi
betweeniQuandul0udBAuasiauresultiofieliminatingutrafficionuthesAlaskaniWayu
Viaductiasiaunoiseusource.uTrafficunoiselinuthisiareamwouldisubjectivelyubel
betweenunoticeablyuquieteriandionerhalfiasilouduasiexistingutrafficunoiseulevelsu
inuthisiarea.u

TheutrafficuinoiseuprofileiwasidevelopediatitheisameulocationuforitheiBypassi
TunneliAlternativelasiforitheiotherialternativesi(Exhibiti519).uwTheiBypassi
TunneluAlternativethasiaisimilaruprofileitoitheiTunneliAlternative.u

5.5.2 Traffic Noise in Belltown and the North Waterfront

InitheuBelltownuanduNorthiWaterfrontiareau(ReceptorsiS20utouS22uanduT6,uT 8utou
T12),utrafficinoiseulevelsiwouldivaryubyuupitoiduidBAicomparedutouexistingu
conditionsiasiauresultiofichangesuinutrafficupatternsuinitheuBelltownuarea.wTheseu
changestinutrafficinoiseulevelsiwouldinotiberaudible.u

UJ
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Exhibit 5-9. Bypass Tunnel Alternative Noise Profile at Spring Street

Note:uwFHW Autrafficunoiselabatementicriterionuisi6 7udBA.u

Broad Street Underpass not Constructed

InitheteventithatitheuiBroaduStreetuunderpassuisinoticonstructed,uiAlaskaniWayu
surfaceustreetiwouldineeditoubeiconnecteditolElliottiand/oriWesterniAvenuesi
toureplaceuthelexistingiconnectionsitoitheiAlaskaniWayiViaductiinithatiarea.u
ThisloptioniwouldishiftitrafficioffiofitheiAlaskaniWayusurfaceistreetialongutheu
northuwaterfrontiandiontolElliottiandiWesterniAvenuesithroughuBelltown.u
Thistoptionucouldireduceitrafficinoiseulevelsialongutheinorthiwaterfrontiandu
increaseithemualonguElliottiandiWesterniAvenuesibyulitoi2udBAicomparedutou
theutrafficunoiselanalysisiresultsiforitheiBypassiTunneliAlternative.u

5.5.3 Traffic Noise North of the Battery Street Tunnel

InithelareaunorthuofitheuBatteryuStreetiTunneli(ReceptorsiS23utouS30uanduT13),u
trafficuinoiseulevelsiwoulduvaryubyuuputoi2idBAiwcomparedutolexistingu
conditionsiasiauresultiofiwideninguofiMerceruStreetiandichangesuinutrafficuin
theuarea.uTheseuchangesiinutrafficuinoiseulevelsiwouldinotibelaudible.u
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5.5.4 Ventilation System Noise

Theucentraliwaterfrontitunneliwouldurequireitheiconstructioniandioperationuofi
aimechanicaliventilationisystemiwithuseveraliventilationistacks.uwAtitheusouthu
portaliandiKinguStreetiventubuilding,itherelaresmostlylindustrialiandu
commercialiuses.uThewventilationifansiwouldibeudesignedinotitolexceedu
60udBAuatitheinearesticommercialipropertyulineiduringinormalioperations.u

TherelareutwouresidentialireceiversinearitheuYesleriwayiventibuilding,itheu
TravelersiHotelilanduPioneeriSquareiHotel.wTheuclosestireceiversitoutheiSpringu
Streetuventibuildinguareicommercialiuses.uwHowever,uiHarboruStepsi
ApartmentsiandiGrandiPacificutCondominiums,ulocatediapproximatelyioneu
blockifromithewventibuilding,iareuitheiclosestiresidentialiuses.wThereuarel
severaliresidentialiusesinearitheiPikeuStreetiventubuilding:uMarketiSquare,
HillclimbuCourt,ujandiRossiManor.uTheuclosestiresidentialireceiversitouthel
northuportaliofithewwaterfrontitunneliareitheiWaterfrontiLandingsu
CondominiumsianduMarriottiHotel.wThewentilationifansiwouldibeidesignedu
forinormalioperationalinoiseulevelsinotitolexceedieitheri60idBAuatitheinearestu
commercialiusesiori57udBAuatitheupropertyulinelofitheinearestiresidentialuuse,
whicheveriisitheimostirestrictive.ulfitheyinormallyiwouldibeloperatediduringu
nighttimeuhoursi(10up.m.utou7ua.m.ioniweekdaysiandulOup.m.utouua. m.uonu
weekends)itheyiwouldibeidesignedinotitoiexceeduid 7udBAuatitheupropertyulineu
ofitheunearestiresidentialuiuseiduringunighttimethours.u

ImprovementsitoitheiBatteryuStreetiTunneliwoulduincludeitheiextensioniofitheu
tunneluportalsianduinstallationuofijetifansitouprovidelemergencyuandu
supplementaliventilation.wWithinutheutunnel ithewventilationifansiandujetufansy
wouldubeudesignedifori92idBAuatilOifeetifromueitheritheifanioutletiorijetifans.u
Thereuareuseveraliresidentialiusesinearuitheisouthuportal:wElliottiPointy
Apartments,iBelltowniLoftiCondominiums,iandi2300uElliottuApartments.wTheu
HolidayulnnianduSeattleilnnuhotelsiaremwvithinioneublockuiofitheuinorthuportal.u
Theljetufansivwouldibeidesignedinotitolexceedi57udBAuatitheinearestiresidentialu
propertyulineiduringinormalidaytimeloperations.ulfitheyinormallyiwouldubeu
operatediduringunighttimeuhoursitheyiwouldibeidesignedinotutouexceedu4 7u
dBAuduringunighttimeshours.u

5.5.5 Vibration Impacts

LongrtermupeakuvibrationulevelsiunderitheiBypassiTunneliAlternativeuwouldu
beulessithanuexistingulevelsibecauseuvibrationienergyufromutrafficitravelinguinu
theritunneliorionitheisurfaceiwouldinotubeiconcentratediinutheuwvicinityuofipiers.u
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5.6 Surface Alternative

TrafficioperationsiwithitheiSurfacelAlternativeudifferifromutheuotheru
alternativesibyuroutingubothulocaliaccessiandithroughutrafficitoutheuarterialy
streetigrid.wThisialternativeihasulowericapacity ,uiresultinguinulowerutrafficu
volumes:ihowever,itheivolumesiareudistributediontoitheisurfaceistreetsu
adjacentitoumanyuofitheunoiseisensitiveireceptorsiinitheuprojectiarea.uwTheu
loudestutrafficthouriwouldunotibeitheupeakihouriunderitheiSurfacelAlternative,u
becauselaverageuspeedsiwouldibeisubstantiallyuloweredibyutrafficicongestion.u
Earlyimorning,umidday iandieveninguperiodsiwithuhighutrafficivolumesistillu
ableitoutravelinearitheuspeedulimitiwoulduresultiinitheuhighestitrafficinoiseu
conditions.u

LoudestuhourutrafficinoiseulevelsiunderitheiSurfacelAlternativeiwouldirangeu
betweeni60iandi79udBAlatimodeledulocationsi(seelExhibitsiS1liandib12).u
TrafficunoiseulevelsiareupredicteditoichangeibetweenuaididBAudecreaseiandual
51dBAuincreaseicompareditolexistingulevels.wAisidBAuincreaselinitrafficinoiseu
isireadilyunoticeable.u

TheuimodeleditrafficinoiseulevelsiapproachioriexceeditheiFHWAuNnoisel
abatementicriteriavati42iofithei48imodeledusites.uTheusitesumodeledutou
approachuoriexceeditheiFHWAunoiseliabatementicriteriairepresenti
approximatelyu4,490uresidentialuunits,u1,290uhotelirooms,iandu120ushelteribeds.w
Ninelofitheusitesirepresentiparkiorupubliciopenuspaceluses,itwolrepresenty
educationaliorichildcareufacilities,ianduifivelsitesirepresenticommercialioriotheru
lessinoise1sensitiveuusesionlyi(seelExhibiti513).mManyuofitheuresidentialiandu
hotelisitesidounotihaveuprivateioutdooriuselareas,ibutimostihaveiwindowsithaty
open.l

Theusameusixisitesimodeleditolexperienceusevereinoiselimpactsiunderitheu
previousialternativesiwouldialsolexperiencelsevereunoisetimpactsuinu2030u
underitheiSurfacelAlternative.wTheusitesiwhereisevereinoiselimpactsiareu
expecteduiareuS18,1S19,1S24,1S28,1S29,ulanduT13,urepresentingi326uresidential
units,i394uhotelirooms,landioneupark.u

Totalinoiseulevelsiatimanyuofitheusitesiwouldubeigreaterithanitheupredictedu
trafficinoiseulevelibecauseinonitrafficisoundisourcesicontributeusubstantial lyutou
theutotalienvironmentalinoiseuleveliinumuchuofitheistudyuarea.uNonzitrafficu
noiseusourcesiatithewvariousisitesiincludeduaircraft,uisoundsifromurestaurantsi
anduotherubusinesses,isidewalkinoise,iconstructioninoise,ibuildingimechanicalu
noise,lalarms,iandusirens.u
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5.6.1 Traffic Noise South of the Battery Street Tunnel

InithelareausouthuofitheiBatteryuStreetiTunnelui(ReceptorsiS1utouS19,uT LutouT5,u
T7,uanduClitouC9),itrafficunoiseulevelsiwouldivaryibetweenuau4rdBAudecreasel
andiai2rdBAuincreaseicompareduitolexistingiconditions.uTrafficunoiseulevelsu
alongutheubicyclelandupedestrianufacilitiesialonguthelAlaskaniWayusurfacel
streetiwoulduincreaseubyuuputoi3didBAicomparedutolexistingulevelsiasiatresultiofy
increasedusurfaceutrafficimmediatelyiadjacentitoitheubicyclelandupedestriani
facilities.u

TheutrafficunoiseuprofileiwasidevelopediatitheisameulocationiforitheiSurfaceu
Alternativelasiforitheiotherualternativesu(Exhibiti5110).uTheuscalelonutheu
SurfacelAlternativeiexhibitiisitheisamelasionithesNouBuild,uRebuild uanduAerialy
Alternatives.u

At-grade Design Option

TheuareaisouthiofiS.iKinguStreetiwasinoticonsidereduinithisianalysisibecausel
therelareinounoiseisensitiveulandiusesisouthuofiS.iRoyaliBroughamuwWay.u

5.6.2 Traffic Noise in Belltown and the North Waterfront

InitheuBelltownuanduNorthiWaterfrontiareau(ReceptorsiS20utouS22uanduT6,uT 8utou
T12),utrafficunoiseulevelsivwouldivaryubyuuputoulidBAicompareditolexistingu
conditionsiasiauresultiofichangesuinitrafficupatternsuinitheuBelltownuarea.wTheseu
changesiinutrafficuinoiseulevelsiwouldinotibelaudible.u

Broad Street Underpass not Constructed

InitheleventithatitheuiBroaduStreetuunderpassiisinoticonstructed,iaccessivwouldy
needutoubelprovidedifromiAlaskaniWayutouElliottiand/oriWesterniAvenuesitol
replaceuthelexistingiconnectionsitoithesAlaskaniWayuViaductiinithatiarea.wThisu
optioniwouldishiftitrafficioffiofitheiAlaskaniWayusurfaceustreetiintoitheucentralu
waterfrontitunneliandiontouElliottiandiWesterniAvenuesithroughuBelltown.u
Thistoptionucouldureducelitrafficinoiseulevelsialongutheinorthivwaterfrontiandu
increaseithemualonguElliottiandiWesterniAvenuesibyulitoi2idBAicompareditou
theutrafficunoiselanalysisiresultsiforitheuSurfacelAlternative.u

5.6.3 Traffic Noise North of the Battery Street Tunnel

InithelareaunorthuofitheuBatteryuStreetiTunneli(ReceptorsiS23utouS30iandiT13),u
trafficuinoiseulevelsiwoulduvaryubyuuputoi2udBAicomparedutolexistingu
conditionsiastauresultiofiwwideninguofiMerceruStreetiandichangesuinutrafficuinu
thelarea.wTheseichangestinutrafficunoiseulevelsiwouldinotibelaudible.u

U

SRu99:1AlaskaniWayuViaducti&uSeawalliReplacementuProjectu Marchu2004u
NoiselanduVibrationuDisciplineiReportu 60u
DraftiElSu



dBA

75-

70 -

65 -

[

distance (feet)
200

Exhibit 5-10. Surface Alternative Noise Profile at Spring Street

Note:wFHWAutrafficinoiseiabatementicriterionuisi6 7udBA .
u

Option: Existing SR 99 With Added Signals at Roy, Republican, and Harrison Streets

ReconnectingutheiroadwayugridiatigradeiwithiAuroraiAvenuelandiincludinguau
signaliatiMerceriStreetiwouldulowerispeedsioniAuroratAvenue.uTheunoisel
reductionuasiauresultiofidecreasedispeediwouldibeupartiallyioffsetibyivehiclesi
acceleratinguawayufromutheusignal.wTrafficinoiseulevelsiatiadjacentireceptorsi
couldubeulitou3uidBAuloweriasiauresultiofitheuireducedispeed.u

5.6.4 Ventilation System Noise

ImprovementsitoitheuiBatteryuStreetiTunneliwouldiincludeithelextensionuofitheu
tunneluportalsianduinstallationiofijetifansitouprovideiemergencyiandi
supplementaliventilation.uWithinutheitunnel uithewventilationifansiandujetifansy
wouldibeidesignedifori92uidBAuatulOufeetifromueitheritheifanioutletiorijetifans.w
Therelareiseveraliresidentialiusesinearitheisouthuportal:wElliottuPointy
Apartments,iBelltowniLoftiCondominiums,iandi2300uElliotttApartments.uTheu
HolidayulnniandiSeattleilnnuhotelsiareivwithinioneublockuofitheunorthuportal.u
Theyjetufansivwouldibeidesignedinotitoiexceedi57udBAuatitheinearestiresidentialu
propertyulineiduringuinormalidaytimeloperations.ulfitheyinormallyiwouldubeu
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operatediduringunighttimeuhoursu(10up.m.uitou7ua.m.joniweekdaysiandulOup.m.u
touua.m.ulonuiweekends)itheyiwouldubeidesignedinotitolexceedid 7udBAuduringu
thosethours.u

5.6.5 Vibration Impacts

LongrtermupeakuvibrationulevelsiunderitheiSurfacelAlternativeiwouldibeulesst
thanuexistingulevels,ibecausewvibrationienergyufromutrafficitravelinguonutheu
surfaceiwouldinotibeiconcentrateduinuthewvicinityiofipiers.u

UJ
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Chapter 6 CONSTRUCTION IMPACTS

ConstructionuofitheiSRi99uAlaskaniWayuViaductiandiSeawalliReplacementy
Projectiwoulduoccurioveriani8utoul 11yearuperiodidependinguonuthelalternative.uw
Constructionuunderianyuofitheualternativesiwouldioccuruinuseveralistages,ieachu
stagetincludinguvariousiconstructionuactivitiesiofidifferentuidurationsiatu
varioustlocationsiwithinutheustudyuarea.wAlliofitheuBuilduAlternativesiassumel
thaticonstructioniwouldicontinuei24uhoursuperuday .

Whileumosticonstructionuprojectsiwithunighttimeiworkiactivitiesiareicompletedu
underiaitemporaryunoiseuwvarianceifromitheuCityuofiSeattleuDepartmentiofu
PlanningiandiDevelopment,itheilongudurationiandiuniquetnaturelofithisi
projectiwouldulikelyurequirelaitechnicalivariance.uwTechnicalivariancesiareu
grantediwhenithereiareinoupracticalimeansitoiwvorkiwithinutheiCityunoisel
ordinance.wObtaininguaitechnicalivariancelincludesiaupublicihearinguprocessi
andurequiresithelapplicantitolabideibyunoiseimitigationimeasuresisetiforthubyu
theuCity.u

Theuconstructioniapproachesievaluatediforinoiselanduvibrationuareudescribedu
iniChaptersi3iandidiofiAppendixiB,iAlternativesiDescriptioniandiConstructionu
MethodsiTechnicaliMemorandum.wTheuconstructionuactivitiesievaluateduiny
thisuistudyurepresentioneupossibleiconstructionisequenceuforieachualternative.u
Theuactualiconstructionusequenceicouldidifferuisubstantiallyifromuthisu
evaluation;ihowever ,itheilocationsianditypesiofiactivitiesiwouldibeusimilaru
underitheifinalisequence.uu

6.1 Noise

Noisetduringutheiconstructionuperiodiwouldubeibothersomeutounearbyu
residentsiandibusinesses.uConstructionuworkersialsoiwvouldibeisubjectutou
constructionunoiseuwhileiworkinguonitheusite.wConstructioninoiseiwoulduvaryu
widelyibothuspatiallylanditimerwiseuoveritheicourselofitheuproject.uwForutheu
AlaskaniWayuViaductianduSeawalliReplacementiProject,itheiconstructiony
perioduisianticipatedutoulastuibetweenu8iandulluyears,iwithuivariousiperiodsiofi
disturbanceuthatiwouldulastiforiseveraliweekstinianyioneuarea.uu

Theuimostiprevalentinoiseusourcelaticonstructionusitesiwouldubesinternalu
combustioniengines.uwEarthimovingiequipment,umaterialthandlingiequipment,u
andustationaryiequipmentiareiallienginerpowered.uMobilelequipmenty
operatesiinaucyclicifashion,ubutistationaryiequipmenti(e.g.,ipumps,igeneratorsi
andicompressors)ioperatesiatisoundulevelsithatiareufairlyiconstantioveritime.u
Becauseutrucksiwouldibeupresentiduringimostiphasesiandivwouldinotuibeu
confineditoutheuprojectusite unoiseufromutrucksicouldiaffectimoreureceptors.i
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Otheninoiseusourcesiwouldiincludelimpactiequipmentianditoolsisuchuasupileu
drivers.wlmpactitoolsicouldibeupneumaticallyuipowered,ihydraulic,iorielectric.uw

Constructioninoiseiwouldibelintermittent,ioccurringuatidifferentitimesioveruani
approximatei8uitourllryeariconstructionuperiodiativariousulocationsuinitheu
projectiarea.wConstructionunoiseilevelsiwouldidependionitheutype,iamount,u
andulocationuoficonstructionuactivities.wTheutypeloficonstructionumethodsi
establishutheimaximumunoiseulevelsioficonstructioniequipmentiused.uTheu
amountuioficonstructionuactivityiwoulduquantifyihowuoftenuconstructionunoiseu
wouldioccurithroughoutitheiday.uTheulocationioficonstructioniequipmentu
relativeitoladjacentipropertiesiwouldideterminelanyueffectsiofidistanceuinu
reducingiconstructionunoiseulevels.uwTheimaximumunoiseulevelsioficonstructionu
equipmentiunderialliBuilduAlternativesiwouldibeisimilaritoutheutypicalu
maximumiconstructioniequipmentinoiseulevelsipresenteduiniExhibitu61l.u

Noise Level (dBA) at 15 meters (50 ft.)
60 70 80 90 100 110

Compactors (rollers) [ ]

Front-end loaders

Tractors

I
Backhoes |
|
]

Earth Moving

Scrapers, graders

Pavers [ ]

Trucks

]
Concrete mixers |

Concrete pumps ||
Cranes (movable) |
Cranes (derrick) [ ]

Materials Handling

Equipment Type

Pumps ||

Generators

Compressors I

Stationary

Pneumatic wrenches |
Jack hammers, rock drills ]
Pile drivers (peaks) ]

Vibrator

Impact

Other

Saws

Source: EPA, 1971 and WSDOT, 1991.

Exhibit 6-1. Typical Construction Equipment Noise Levels
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AsishownuiniExhibiti61l umaximumunoisellevelsifromiconstructioniequipmentu
wouldirangerfromu69utoi1061dB AL maxiatiS0ufeet.ilConstructioninoiselatu
locationsifartheriawayuwouldidecreaselatiairateiofubutou8uid B Auperidoublinguofu
distanceufromutheusource.uwTheinumberiofioccurrencesiofitheilmaxinoiseupeaksi
wouldiincreaseiduringiconstruction,uparticularlyuiduringupilerdrivingu
activities.uBecauseuwvariousipiecesiofiequipmentiwouldibeiturneduoff uidling,uoru
operatinguatilessithanufullupoweriatianyugivenutimelandibecauseiconstructionu
machineryuisitypicallywuseditoicompleteishortitermutasksiatianyugivenu
location,laveragelleidaytimeunoiseulevelsiwouldibeulessithanitheimaximumu
noisellevelsipresentediiniExhibiti6rl.uConstructionunoiseulevelsimayunoti
exceediaimaximumileqrsminute)lofi99udB Auatis0ufeetioritheinearestipropertyulinel
(whicheveniisifurther)iwithinutheicityuiofiSeattley(SMCu25.08.425).u

ConstructionunoiseuisialloweditolexceediCityuofiSeattleupropertyilineinoiseu
limitsubyu20utoui250dBAiduringudaytimeuhoursi(7ua.m.itou10up.m.ionivweekdayst
andu9ua.m.utou10up.m.ioniweekends).wUnderualliofitheiBuildiAlternatives,inoisel
fromucertainuactivitiesuisulikelyutolexceeditheshigheridaytimeulimitsiduringu
someilconstructionistages.uSubstantialinighttimeuconstructionithatiwouldu
exceedinighttimeunoiseulimitsivwouldualsoubeurequireduunderieachuofitheiBuildu
Alternatives.ulficoncreteuisicrushediandurecycledionisite uaunoiseicontroluplany
wouldibeirequireditoladdressitheiassociatediactivities.uTolaccommodateutheseu
exceedancesliofitheuCityuofiSeattleinoiseiregulations,liaunighttimeunoisewvarianceu
wouldubeurequiredifromutheuCity.u

Reconstructionuofitheiseawall ,uswhetheristandialoneioriasipartiofiartunneliwall,u
couldigeneratelintiwaterunoiselandivibrationulevelsithatiareudisturbingutoufishu
andumarineimammals.uConstructionibehinduiaicofferidam,uoriotherumethodsitou
reduceliniwateripileidriving,iwouldireduceitheipotentialiforiimpact.u

6.1.1 No Build Alternative

ConstructionunoiseiunderitheuNouBuilduAlternativeiwouldibeulimiteditounoiseu
associatediwithuongoingumaintenancelactivitiesitouthesexistinguviaduct.u
Shouldithelexistinguviaductibeidamagediandineeditoubeiclosed,ithereivwouldu
beunoiseicreatedibyuactivitiesitoicloseloriremovelitheustructure.i

6.1.2 Rebuild Alternative

ThewRebuilduAlternativetisianticipateditoibeiconstructeduinufourigeneralistages:u
SiteulPreparation,iConstructionuofiSeawall,uRebuildiofiAlaskaniWay iandu
ProjectiCloseout.uTheuconstructioniwoulditakeiapproximatelyu7.5uyears.l

TheuSitelPreparationistagelisianticipateditourequireiapproximatelyul8imonthsi
andiwoulduincludeunoiseifromuvariousiactivitiesithroughoutitheucorridoriaty
variousitimes.uMosticonstructionuactivitiesiduringutheufirstistageiwouldubeuofu
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limitedudurationuinianyusingleulocation.wNoiseulevelsiwouldibeitypicaliofu
excavationiandipavinguactivitiesiasiutilitiesianduraililinesiareurelocatediandu
accessiroadsiandustaginguareasiareiconstructedi(seelExhibitu61l).uSomeu
activitiesiduringutheufirstistageivwoulduoccuriduringunighttimeuhours, i
particularlyuactivitiesithatiwouldurequireutrafficulaneiclosures.u

Constructionuofitheiseawalliisianticipateditourequireiapproximatelyi24imonths.u
Duringuthatuperiod,iseveraliworkicrewsiwouldibeirebuildinguthelexistingu
seawalluprogressivelyialonguthemwaterfrontibetweenuS.iWashingtonuStreetiandu
BroaduStreet.uuConstructionuactivitiesiwouldubeioccurringuatiseveralulocationsi
alongutheiwaterfrontiatianyupointiinitimeuduringuthisistage.uSeawallu
constructioniwouldirequireustabilizationuofiexistingusoils,ulikelyubyujetu
grouting.uDrilledushaftupilesiwouldibeuplacediwhereineeded,iandiaunewwifaceu
wouldibelattached.mwCompletionuofitheiseawallireplacementionuscheduleu
wouldirequireinighttimemworkiduringimuchuofithisistage.uRecentinoisel
measurementsiofijetigroutingioperationsibyitheiCityiofiSeattleiexhibitedinoiseu
levelsiofi85ud B Auatus0ufeet.uletigroutingiequipmentiusediforicompleteiseawall
replacementiwouldibeulargerithanithesmeasurediequipmentiandicouldirangeulu
tousudBAulouder.uSubstantialunoiseicouldioccuriforiseveralivweeksiatiastimetini
anyuonelarea.uOtheriactivitiesiduringutheusecondistageiwouldiincludeulimitedu
roadwayureconstructionuoruretrofit.u

Stageuthreeiwouldiincludeurebuildinguimostiofithelexistingiviaductioveriany
approximatelyis4imonthuperiod.wAtitimes,itrafficiwouldubeudetoureduini
variousilocationsialongutheuprojecticorridor.uRebuildingutheiviaductivwouldu
includewvariousiactivitiesithatiwouldibeloccurringuinulocalizeduworkiareasithatu
wouldimoveloveritheuperiodiofireconstruction.wActivitiesiwoulduincludeu
placementiofinewupilesiandifootings,ireplacementiofistructuralisupports,iandu
replacementuofitheiroadwayudecks.wPilesicouldibeudriven,ibored,iorivibratedu
intouplace.wlfuidrivenupilesiareiused,ipeakinoiseilevelsiduringupileidrivingu
wouldilikelyubeutheuloudestinoisesiduringureconstructionuofithewviaduct.wNoiseu
levelsiduringupileldrivingutypicallyiapproachul100udBAuatu50ufeeti(93ud B Auatu100u
feet)ifromutheupiletbeingudrivenu(Exhibiti612).mNoiseulevelsifromuboredupilest
areutypicallyul5itoi20uidBAulessithanifromudrivenupiles.uVibratedupilesulikelyu
couldunotibewusediinumuchuofitheuprojectiareasbecauseusoilsiareinotisuitablyu
stable.wTheiRebuilduAlternativelisiexpecteditoirequireimoreidrivenupilesithany
anyuofitheuotherualternatives.uOtheruactivities,lincludingiexcavation,ipavementi
breaking,landiconcreteipumping,iwouldigenerateisubstantialinoiseiduringuthisy
phase;ihowever,itheyiwouldigenerallyubeulessuloudithanupileldriving.w
Substantialinoiseulevelsicouldioccuriforiseveraliweeksiatiastimetinianyuonel
area.uu
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Theufourthustagemwouldurequirelapproximatelyu8imonthsiandiwouldiincludeu
varioustactivitiesitoufinalizeiconstruction,ureplaceithewwaterfrontutrolleyutracks,u
andicompleteistreetirestoration.wMosticonstructionuactivitiesiduringutherfourthi
stageiwouldibelofilimitedidurationuinuianyusingleulocation.u

Exhibit 6-2. Noise Levels Typical of Pile Placement

Activity Noise Level (Leq) and Distance
Drivenupilesa 951991dBAu(50ufeet)u
Drivenisheetupilebu 1151dBAu(15ufeet)
Baueribg22upiletboreurig® 90udBAu(15ufeet)
Impactupileidrivera 98idBA(operatorulocation)u
Drilledupilea 83udBAu(operatorulocation)u
AFHWA(1982) 4
b ACEPY(1998).u
\WCBBCY(2000).4

1

6.1.3 Aerial Alternative

ConstructionuactivitiesiforithetAerialiAlternativeiwouldubeisimilarutoutheu
RebuilduAlternative.ultiisianticipateditoibeiconstructediinifiveigeneralistages:u
SiteuPreparation,uConstructioniofiSeawall,iSouthbounduBatteryuStreetiTunnely
anduBroaduStreetiDetour,iRemovaliandiConstructionuofithetAerialiViaduct,u
anduProjectiCloseout.uTheiconstructioniwoulditakeiapproximatelyulluyears.u

Theufirstitwouconstructionustagesiwouldibeusimilariiniactivitiesiandudurationutou
theuRebuilduAlternative.wTheiseawalliconstructionustageuvwoulditakeu
approximatelyu36umonthsibecauselitivwouldialsouincludeitheiconstructionuofi
temporaryuaerialistructuresiabovelasportioniofitheiseawall.uwTheitemporaryu
aerialistructureiwouldibeisupportedionudrilledishaftupiers.uOtheriaspectsiofi
temporaryuviaducticonstructioniwouldigenerateunoiseulevelsisimilaritoitheu
constructionuofitheufinaliaerialistructure.u

Stageiuthreeivwoulditakeiapproximatelyi30umonthsiandiwoulduincludeiremovali
andureplacementiofithewviaductinorthiofiPikeuStreet,limprovementsitoutheu
southboundiBatteryuStreetiTunnel,ujandiconfigurationuofilocalustreetsutou
accommodateudetouritraffic.uDuringuthisiperiod,iconstructionuactivitiesiandu
noisellevelsisimilaritoithoseldescribediforistageuthreeuofitheuiRebuildu
AlternativeiconstructioniwoulduioccuribetweenuPikeuStreetianditheuBatteryu
StreetiTunnel.uDemolitionuofithelexistinguviaductiwoulduincludeusawucuttingu
anduremovalibyicrane,ipulverizing,ishearing,ijackuhammering,uhoeiramming,l
andudrilling.mDemolitionuactivitiesicouldiincludeucrushingiandurecyclinguofu
concretelonisite.wlmprovementsitoitheuBatteryuStreetiTunneliwoulduincludeu
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lengtheningutheitunnelislightlyianduinstallingiemergencyuventilationu
equipment.uConstructionuactivitiesiarelexpectedutoitakeuplaceiduringubothu
daytimelandinighttimeuhours.u

Stageufouriwouldiincludeiremovaliandireplacementiofitheiviaductisouthuofu
PikeuStreetioveriapproximatelyi48imonths.uwltiwouldialsouincludeu
improvementsitoitheinorthboundiBatteryiStreetiTunneliandiconfigurationuofi
localistreetsitolaccommodateidetourutraffic.uDuringuthisiperiod,iconstructioni
activitiesiandunoiseulevelsiwouldibeusimilaritoithoseiduringustageuthree,ubutu
wouldulargelyuioccurisouthiofiPikeiStreet.wlmprovementsitoitheiBatteryuStreetu
Tunneliwouldiincludeilengtheningutheitunnelislightlyianduinstallingu
emergencyuventilationiequipment.wConstructioniactivitiesiareiexpecteditoutakeu
placeiduringibothudaytimesandinighttimeuhours.u

Stageufiveiwouldurequirelapproximatelyuil5umonths.ulniadditionutoutheunoiseu
generatedibyuactivitiesidescribeduforuistageifouriofitheiRebuilduAlternative,u
temporaryuaerialistructuresialongitheiwaterfrontiwouldineeditoibeiremovedi
underuthetAerialiAlternative.u

6.1.4 Tunnel Alternative

TheuiTunneliAlternativelisianticipateditoubeiconstructeduinufiveigeneralistages:u
SiteuPreparation,iConstructionuofiSeawalliandiSouthboundiTunnel,u
SouthbounduAerialiandiBatteryuStreetiTunneliConstruction,iRemovaliofu
ViaductiandiNorthboundiTunnel uAerialiandiBatteryuStreetiTunnelu
Construction,iandiProjectiCloseout.uTheiconstructioniwoulditakeu
approximatelyuuyears.uTheufirsticonstructionustagemwvouldibeusimilaruinu
activitiesiandudurationutoitheiRebuildiandiAerialiAlternatives.

Theusecondistageiwoulditakeiapproximatelyi24umonthsiandivwoulduincludeu
constructionuofiaisecantupilemwallitoureplaceithelexistingiseawallibetweenu
approximatelyuKinguandiPikeuStreets.ulnithewvicinitytofitheuxColmanuDocku
FerryuTerminal,itheupilemwallivwouldiextenduintolElliottuBay.wTheusecantupileu
walliwouldibeuconstructeduofiauseriesiofilargerdiameterudrilledushaftsuplacedu
adjacentitoleachuother.uNoiseulevelsifromuthisiactivityuareiexpecteditoubeusutou
10udBAulessithanutheujetigroutinguthativwouldibeurequireduduringuseawallu
constructionuunderutheiRebuildianduAerialuAlternatives.uuu

Aupermanentiexcavationisupportiwalliwouldithenubeuconstructeditorformitheu
centeriwalliofitheufinalitunnel.wThemwvalliconstructioniwoulduutilizelexcavationu
anduconcreteipumpingiequipment.wFinally uithelareaibetweenuthestwouwvallsy
wouldibelexcavatedianditheiroadwayuanduroofislabuconstructed.wNoiseulevelsi
wouldibeutypicaliofiearthmovinguactivities.wAtianytoneitimeiduringuthisistage,
thesewvariousiactivitiesiwouldubetoccurringuinulimiteduiareasialongutheu
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waterfrontuisouthuofiapproximatelyuPikeuStreet.wConstructionuactivitiesiareu
expecteditoutakeuplaceiduringubothudaytimelandinighttimethours.u

TheuthirdustageiwouldibeusimilaritoustageithreeiunderithetAerialuAlternativel
andiwoulditakelapproximatelyi3éuimonths.ulniadditionitoithelactivitiesinorthu
ofiPikeuStreetidescribediunderitheiAerialiAlternative,ifinaluutilityurelocationsi
wouldibetoccurringualongutheicorridor,iwhichiwouldibesofilimitedidurationuinu
anyusingleulocation.u

StageufouriwouldiincludeiremovaliofitherviaductisouthuofiPikeuStreetiandu
excavationiandiconstructioniofitheinorthbounduhalfiofitheiwaterfrontitunnelu
overlaniapproximatelyuid3ézimonthuperiod.wDemolitioniofithelexistinguviaducty
wouldiincludeisawicuttingiandiremovalibyucrane,upulverizing,ishearing,ljacku
hammering,uhoeiramming, uandudrilling.wDemolitionuactivitiesicoulduincludeu
crushinguandurecyclinguoficoncretelonisite.uuRemovaliofithelexistinguviaductu
wouldibestheuloudestiactivityuduringuthisistageuiofiwork.uwConstructionuofitheu
southbounditunneliwoulduincludeiconstructionuiofitheleasternitunneluwall,u
excavationuofitheufinalinorthboundisection,yandiroadwayuanduroofislabu
placement.uBatteryuStreetiTunneliimprovementsiwouldibeisimilaritoutheu
AerialiAlternative.uNoiselfromitheselactivitiesiwouldibeisimilaritouthemwvallu
constructioniandiexcavationinoisellevelsiduringustageutwo.u

Stageufiveiwouldirequiretapproximatelyil3imonthsiandivwouldigenerateinoisel
levelsisimilarutoustagerfouriofitheilRebuilduAlternative.u

6.1.5 Bypass Tunnel Alternative

TheuBypassiTunneliAlternativeulisianticipateditoubeiconstructeduinufiveigeneralu
stages:uSiteiPreparation,iConstructioniofiSeawalliandiTunnel uSouthboundu
AerialiandiBatteryuStreetiTunneliConstruction,iRemovaliofiViaductiandu
NorthbounduAerialiandiBatteryuStreetiTunneluiConstruction,landuProjecty
Closeout.uTheiconstructioniwoulditakeiapproximatelyu8.5uyears.

Theufirstitwouconstructionustagesiwouldibeusimilariinuactivitiesiandidurationutou
theiTunnellAlternative.uw

TheuthirdistageiwouldibeusimilaritoistageithreewunderuthetAerialiAlternativel
andiwoulditakelapproximatelyui30umonths.u

StageufouriwoulduincludeiremovaliofithewviaductisouthuofiPikeuStreetiandu
rehabilitationuofitheuinorthboundiBatteryuStreetiTunnelioverianiapproximatelyu
30imonthuperiod.wUnlikeitheiTunneliAlternative,ithisistageiwouldinotiincludeu
constructionuiofiaiseconduparallelitunnelisectionialonguthewwaterfront.u
Demolitionuofithetexistinguwviaductiwouldiincludeisawucuttingiandiremovalibyu
crane,upulverizing,ishearing,ljackihammering,ihoeiramming,iandudrilling.u
BatteryuStreetiTunneliimprovementsiwouldibeusimilaritoithetAerialiandu
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TunneliAlternatives.wDemolitionuactivitiesicoulduincludeucrushinguandu
recyclingioficoncretelonisite.nnRemovaliofithelexistingiviaductiwouldubeutheu
loudestiactivityiduringuthisistageuofiwork .

Stagelfiveiwouldirequirelapproximatelyul8imonthsiandiwouldigenerateinoiseu
levelsisimilaritoustageifivelofitheiTunneluAlternative.u

6.1.6 Surface Alternative

TheuSurfacelAlternativelisianticipateditoubeuconstructeduinufiveigeneralistages:u
SiteulPreparation,iConstructionuofiSeawall,uSouthboundiAerialiandiBatteryu
StreetiTunneliConstruction,iRemovaliofiViaductiandiNorthboundiAerialiandu
BatteryuStreetiTunneliConstruction,uiandiProjectiCloseout.uTheiconstructionu
woulditakelapproximatelyu8uyears.uThelfirsticonstructionustageimwouldubel
similariiniactivitiesiandudurationutoithelotheriBuilduAlternatives.uuu

Stageiutwo,liconstructionuofitheiseawall uisianticipatedutourequirelapproximatelyu
30umonthsiandwwvoulduincludelsimilariactivitiesiandunoiseulevelsitoutheisecondu
stagelofitheiRebuilduAlternative.wTheuthirdistageiwouldibeisimilaritoustageu
threeuwunderithetAerialilandiBypassiTunneliAlternativesiandiwouldutakeu
approximatelyu30umonths.uTheufourthistagemwouldibeisimilariiniactivitywandu
durationutoustageifouriofitheiBypassiTunneliAlternative.uStageufiveiwouldu
requirelapproximatelyi8imonthsiandiwouldigenerateunoiseulevelsisimilarutou
stageufouruofitheiRebuildiAlternative.u

6.2 Vibration

Theuconstructionuactivitiesithatiwoulduresultiinuthethighestilevelsiofigroundu
vibrationuareutheidemolitionuofithelexistinguviaductistructuresandiimpactupileu
driving.wUnderualliofitheiproposediBuilduAlternatives,ithewviaductiwouldibel
removediandidemolished.wTheuwtiminguforiremovinguthewviaductiandutheu
amountiofimaterialiremovedivariesibetweeniplans;ihowever,isimilariremovali
methodsiarelanticipated.ulnugeneral,ithewviaductiwouldibeidemolisheduusingu
variousimethodsioficoncreteiremovali(includingusawucuttingianduliftingu
segmentsioutiofiplace),iusingiconcreteupulverizersiandishearsimountediony
excavators,land/oruusinguiconcreteusplitters,ljackhammers,uihoeirams,ioricorel
drillingutoubreakiupiconcrete.uThewuselofijackhammersiandihoeiramsiwouldu
resultuinuithethighestulevelsiofivibrationuduringitheidemolitionuactivities.wTheu
expectediPPViofigrounduvibrationulevelsiati25ifeetifromutheidemolitionu
activitiesuisiinitheurangeuofu0.24utou0.42uinches/secondu(Exhibitu613).uThisiwouldu
exceeditheidamageiriskicriteriaiofi0.12uinches/seconduforiolderiextremelyu
fragilelbuildingsibutiwouldunotiexceeditheuproject’sidamageuriskucriteriauforu
neweribuildingsiofi0.50uinches/second.iuDemolitioniactivitiesiconductedu100u
feetuiorimoreufromuexistingustructuresivwouldinotiexceeditheiddamageuriski
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criteriauforiolderiextremelyufragilelbuildings.wStructuresiinitheuprojectiareau
thatumayubelextremelyufragilelincludewunrestorediareaways,itheuspacesi
beneathutheisidewalksuofiolderibuildings,ianduhistoricibuildingsithatihaveunotu
beenustructurallyuretrofitted.u

Duringuimpactupileidriving,itheiPPViofigrounduvibrationulevelsiati25ufeetuisu
expecteditoubelinitheirangeuofi0.60utoul.duinches/secondidependinguonutheusizel
anduforceuexertedibyutheupileudriveru(Exhibitui614).wTheseulevelsiwouldy
substantiallyiexceeditheidamageuriskicriteriaiofi0.12uinches/seconduforuolderu
extremelyifragileibuildingsiandi0.50uinches/secondiforineweribuildings.wAtu
distancesiofi400ufeetiorugreater,itheidamageuriskuisisignificantlyulowerianduisi
expectedinotitolexceedi0.10uinches/second.u

Inugeneral,itheupotentialiimpactitoiundergroundiandiburieduutilitiesifromu
constructionuvibrationiwouldubeulessithanitheidamagetriskutoubuildings.wTheu
onlyuconstructionuiactivityuproposediforithisuprojectithatiwouldigenerateu
vibrationulevelsithaticouldidamageuutilitiesiwouldibelimpactupileldriving.w
Vibrationifromupileidrivinguwouldinotiexceeditheidamageuriskicriteriaufory
mostiburieduutilitiesiofi4.Quinches/secondiPPViatidistancesigreaterithanui25ufeety
ori0.51inches/secondiPPVidamageiriskicriteriaiforioldericastironiwaterimainsi
atuidistancesigreaterithanu100ufeet.wTheidamagelriskitowutilitiesulessithanu25ufeety
anduoldericastrironiwaterimainsilessithani100ufeetifromuimpactupileldrivingu
locationsishouldibeufurtherievaluatediduringufinalidesign.u
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Exhibit 6-3. Hoe Ram and Jack Hammer Vibration Levels
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Chapter 7 SECONDARY AND CUMULATIVE IMPACTS

Secondaryuimpactsiareureasonablyiforeseeableleffectsiofianiactionuthatioccuru
lateruinuitimeloruareufurtheriremoveduinudistanceifromitheldirectieffectsuofitheu
project.uwGenerally,itheseleffectsiareiinducedibyuthevinitialiaction.wSecondaryu
impactsitoithelaudiblelenvironmentiareliexpectedutoibeulimitedianduwunlikelyu
becauseinonelofithelalternativesiwoulduincreaselexistingicapacityiandu
connections.uw

Cumulativelimpactsiareladditiveleffectsiofitheuprojectiwithiotherireasonablyu
foreseeableidevelopmentsioriactionsiinitheifuture.wTheutrafficunoiselanalysisi
foruitheuAlaskaniWayiViaductiandiSeawalliReplacementiProjecticonsidersitheu
longrtermuicumulativeitrafficinoiseifromiAlaskaniWayuandufutureutrafficionutheu
Seattleustreetugrid.uBecauseutrafficinoisetisitheildominantunoiseusourcetinutheu
projectiarea,iconsideringitheicumulativeunoiseleffectiofialluitrafficunoiseuinutheu
studylareaireasonablyievaluatesitheicumulativeifutureinoiselenvironment,l
includingithewvariousiAlaskaniWayiViaductiandiSeawalliReplacementu
alternatives.u

Duringutheuconstructionuphase,iseveraliotheruprojectsiarelexpecteduitoibeiundery
constructionuinitheidowntownuSeattlelarea,iincludingiCentraliLinkiLightiRail i
MerceruStreetiCorridor,iSeattlesMonorailiProject,ilandiseveraliotherismallerioru
lessiwellidefineduprojects.ulficonstructionuofiotheruprojectsiisiwithinutheu
immediateuwvicinityu(lessithanuapproximatelyul,000ifeet)iofitheuiAlaskaniVWayu
ViaductiandiSeawalliReplacementiProjecticonstructioniareasiandioccurringuaty
theissameutime,itheiccumulativeunoisetimpactsioninearbyuresidentsicouldu
increaselinuthewvicinityuofithoselactivities.uw

U
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Chapter 8 MITIGATION

Noiseicanibeicontrollediatithreeulocations:uw(1)iatitheisourceu(e.g. iwithumufflersu
anduquieteriengines),i(2)ualongutheinoiseupathu(e.g. uwithubarriers,ishielding,ioru
increasedudistance),landu(3)uatitheureceptor,iwithiinsulation.uwNoiselabatementy
isinecessaryionlyiwhereifrequentthumanuuseloccursiandiwheresailowerinoisel
leveliwouldihaveubenefitsu(USDOTu1982).u

8.1 Operational Noise

Auvarietylofimitigationumethodsicanubeleffectivelatireducingutrafficinoiseu
impacts.uForiexample,inoiselimpactsifromitheilongrtermioperationuofitheu
projecticouldibeireducedibyiimplementingutrafficimanagementumeasures, i
acquiringulanduasibufferizonesioruforiconstructioniofinoiseubarriersioriberms,u
realigningutheiroadway ianduinstallinginoisetinsulationiforuipubliciuseloru
nonprofitiinstitutionalistructures.uwTheseuimitigationumeasuresiwerelevaluatedu
foruitheirupotentialitoureduceunoiselimpactsifromutheuproposeduaction.u

WSDOTievaluatesimanyufactorsitoudetermineiwhetherimitigationiwouldubel
feasiblelandureasonable.wDeterminationuofiengineeringufeasibilityuincludesu
evaluatingiwhetherimitigationicouldubeliconstructeduiniaulocationitolachieveuau
noiseureductionuofiatuleasti7uidB Auatitheuclosestireceptorsiandiaureductionuofusu
dBAuorimorelatimostiofitheufirstirowuofireceptors.uDeterminationuofi
reasonabilitylincludesideterminingitheinumberiofisensitiveireceptorsi
benefitedibyuatileastiduidBA itheucostieffectivenessiofitheimitigation,uandu
concernsisuchuasiaesthetics,isafety yjanditheudesiresiofinearbyuresidents.uwTheu
reasonablenessicriteriaiforicostiofinoiseuimitigationuprovideduperibenefitedu
receptoriareisummarizeduiniExhibiti8r1u(WSDOTi1999).uwForinoiseilevelsiabovel
741dBA ithelallowedicostiincreasesibyu$1,500uperidBAuincrease.u

Exhibit 8-1. Mitigation Allowance for Noise Impacts

Design Year Traffic Noise Allowed Mitigation Cost Per  Allowed Wall Surface Area Per
Decibel Level Household Household (at $22.10 / ft2)
66udBAU $15,500u 700usq).uft.u
67udBAL $17,000u 770usq.uft.u
68udBAU $18,500u 8371sq.uft.u
6udBAU $20,000u 905usq.uft.u
7TOudBAU $21,500u 973usq.ufty
7lidBAu $23,000u 1,04Lusq.uft.u
T21dBAU $24,500u 1,109sq.uft.u
731dBAU $26,000u 1,176usq.uft.u
T4dBAU $27,500u 1,244usq.iftu
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Alfinalideterminationuofitheusizelanduplacementiofinoiseubarriersioribermsiandu
thelimplementationuofiotherumitigationumethodsiwoulditakeuplaceiduringu
detaileduprojectidesign,iafterianiopportunityiforupubliciinvolvementianduafteru
approvaliatitheulocal ustate uandifederalilevels.u

8.1.2 Mitigation Options

Traffic Management Measures

Trafficumanagementimeasuresiincludeitimeurestrictions,itrafficicontrolidevices,
signinguforuprohibitionuoficertainuvehicleutypesi(e.g.,umotorcyclesiandiheavyu
trucks),umodifiedispeedilimits,uandiexclusiveilaneidesignations.uwNoiseu
impactsicouldibeireducedibyulanduuseicontrolsithroughoutitheiPugetiSoundu
region;thowever ithelareasisilargelyubuiltiout.wAutransportationusystemi
managementiplanicombinediwithuincreaseditransitifacilitiesitolencourageutheu
continueduuseloficarpoolsiandupublicitransitiwouldireducewvehicleutripsiand,u
subsequently utrafficunoise;ihowever lai3idBAudecreaselinuitrafficunoisemwouldy
requirelauireductionuinutrafficovolumeuofiapproximatelyusOupercent.wSpeedu
limitsucouldibewreduced;ihowever uaireductionuiofibetweenulOiandul5umilesuipery
houriwouldibeurequireditoidecreaseitrafficunoiseibyusSidBA.u

Land Acquisition for Noise Buffers or Barriers

Theustudyuareauisidenselyideveloped.uwLandiacquisitioniforuinoiselbuffersuory
barriersiinianiurbaniareaisuchuasitheuprojectistudyuareamwouldirequireu
relocatinginumerousiresidentsiandibusinessesiandiwouldubetirrationaliforu
noiseimitigationupurposes.l

Realigning the Roadway

Theuhorizontalialignmentuisidefinedibyuavailableirightiofiwayiandithelexistingu
AlaskaniWayuViaductiCorridor.uThewvariousialternativesievaluateiseveralu
verticalialignments,lincludinguelevated,iatigrade yjandibelowground.wTheu
effectsiofichanginguthewverticalialignmentiofiAlaskaniWayicanubeuseenubyu
comparingutheupeakuhourunoiseulevelsiofithewvariousialternativestiniExhibitsibz
liandi512.wTrafficinoiseulevelsiunderitheiTunneliAlternativeiwouldidecreasel
byuuputorlOudBAIcompareditolexistingunoiseulevelsialongutheicentralu
waterfront.uTrafficunoiselimpactsiwouldubeleliminatediati210uresidentialiunitsi
aslauresultiofidepressingiandicoveringiSRu99u(Exhibiti513).wThelincrementalu
costiofitunneliconstructioniwouldinotibeureasonablelexclusivelylasiainoisel
mitigationiconsideration. i
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Noise Insulation of Buildings

Insulationuofibuildingsicouldubeufeasible ubutithisiremedyuonlyiappliesutou
structuresiwithupubliciorinoniprofitiusesu(231ICFRu7 72iandiv6 7un58uFRup 13731,
Marchu26,12002.).unThisioptionialsomwouldinotireducelexteriorinoiselimpacts. i

Noise Barriers
Noisetbarriersiincludeunoiseiwalls,iberms,jandibuildingsithatiareinotinoiser
sensitive.wTheleffectivenessiofiainoiselbarrieruisideterminedibyuitsiheightiandu
lengthuanditheuprojectisite’sitopography.uToubeueffective,itheibarrierimusty
blockitheulinelofisightibetweenutheihighestupointiofiaunoiseisourceu(e.g. au
truckisiexhaustistack)uianditheihighestipartiofiaureceiver.ultimustibeulongu
enoughutoupreventisoundsifromupassingiaroundithelends,ihaveinolopeningsi
suchuasidrivewayiconnections,landibeidenselenoughusoithatinoiseiwouldunotu
beitransmittedithroughuit.wlnterveningurowsiofibuildingsithatiareuinotinoiser
sensitivelicouldialsoibelusediasibarriersi(USDOTu1973).uClearibarrierumaterialsi
ofieitheruglassioruplasticihaveibeeniusedionisomelprojects.uTheyuhaveubeeny
successfullywusedialongufreewaystinitheiSanuiDiego,iCalifornialarea,iwhereu
theyucouldibeiplacedinearitheiaffectediresidencesiandiawayifromutraffic.uTheiru
uselimmediatelyiadjacentitouroadwaysihasibeenulessisuccessfulibecauseutheyu
requireifrequenticleaninguanduperiodicireplacementiofietched,icracked,u
graffitied,loruyellowedipanels.i

Foruaunoiselbarrieritoubeiconstructed,litimustibeidetermineditoibeibothifeasiblel
andureasonable.wExhibitil81lisummarizesitheimitigationiallowanceuforibarrieru
areauprovideduperibenefitedireceptorithatiisiconsideredireasonable.u

Sound-Absorptive Materials
Theuwuselofisoundiabsorptiveimaterialsicanureducelorieliminateureflectedunoise.u
Incorporationuoriretrofitiofisoundiabsorptiveimaterialsiontoutheibottomuofu
elevatedustructuresicanureduceunoiselreflectedioffiofitheustructure.wSimilarly,u
thewuselofiabsorptiveimaterialsinearitheumouthiofiroadwayitunnelsicanureducel
theutrafficlanduventilationisysteminoiselemanatingufromithestunnel.u

8.1.3 Mitigation of Traffic Noise Impacted Receivers

Becauseutheuprojecticorridoruliesiwithiniauthighlyuidensewurbanucore, itrafficinoiseu
levelsialreadyuapproachuoriexceedinoiselabatementicriteriasinumuchuofitheu
studyuarea.uwlnimanyulocations,itheulevelsiapproachuoriexceeditheicriteriavasiau
resultiofigeneralutrafficionuthewurbanuarterialigridiindependentiofitrafficunoiseu
generatedibyuAlaskaniWay.u
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Mitigation of Traffic Noise South of the Battery Street Tunnel

TrafficuinoiseulevelsinearithelelevatediAlaskaniWayustructureiunderuthey
RebuildianduAerialiAlternativesiwouldibeisubstantiallyuhigheriasiauresultiofu
theufacilities.uComparingutheseialternativesitoitheiTunneliAlternativeuinu
Exhibitsib1lianduis12idemonstratesithatithelelevatedustructureicaniaccountuforu
anuincreaselinutrafficunoiseulevelsiofiuputoulOudBAuinuthisiarea.wTwoumitigationu
measuresicouldibeufeasibleiforitheiRebuildianduAerialiAlternatives:usoundi
absorptiveimaterialsiandubarriers.uu

Thewuselofisoundiabsorptiveimaterialsionithesbottomuofithewupperideckuofitheu
AlaskaniWayuViaductiwasievaluatedibyieliminatinguthewvirtualiroadwayuthatu
representsitheureflectedisoundifromutheutrafficunoiseumodeliforuexistingu
conditions.uwEliminatingutheunoiseureflectionisourcelinitheinoisesumodelireducedu
trafficinoiseulevelsibetweeniliandilOidBAuatiseveralilocationstinutheucentralu
waterfront.wExhibiti8r2isummarizesitheuresultsiforiallireceptorsithatiwouldy
experiencelai3rdBAuorigreaterireductionuasiauresultiofieliminatingutheu
reflectioniusingisoundrabsorptiveimaterials.uTheu3rdBAuorigreateribenefitsi
werelonlyiexperiencediatiareasiofipubliciopenispaceialongitheicentralu
waterfrontianduareasiwithicommercialiuse.uThisimitigationumeasureiwouldu
notireducelanyuofitheuseverelimpactsibecauseitheyuallioccurinorthiofitheu
centraliwaterfront.wThelinstalledicostiofisoundiabsorptiveinaterialsuisy
approximatelyi$10uperisquareifoot.wSoundrabsorptiveimaterialsicanuincreasel
maintenancelrequirements.u

Exhibit 8-2. Effectiveness of Eliminating Noise Reflections

Receptor Represented Receptors Traffic Noise Reduction (dBA)
S10u Pedestrianuaccess! 6u
S14y Commercialiuseu 6u
S15u Commercialiuseu 3u
Cl Pedestrianiandubicycleiuseu 10u
C3u Commercialiuseu 9
Ca Commercialiuseu 9
Chi Commercialiuseu 4y
Céu Parku 3u
Cn Parku 3u

I

ItuicouldualsoubeuipossibleitolencloseitheilowerideckuiofitheiAlaskaniWayuViaductu
underitheiRebuildianduAerialiAlternativesibyuconstructinguaunoiseubarrieru
betweenitheuloweriandiupperidecks.uwAishorteribarrieriwouldinotibeleffectivel
unlessiupperudeckureflectionsiwerelalsoleliminatediusingusoundiabsorptivel
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materials.uThisimitigationioptioniwouldirequireimechanicaliventilationuofitheu
encloseduvehicularispace.uFireisuppressioniandiemergencylegressisystemst
wouldualsothaveitoibeiprovided.mUnlessiclearimaterialsiwereiused,itheisoundu
barrieriwallsiwouldiblockiviewsibothifromithewviaductiandithroughutheu
viaductistructure.wThewuseloficlearumaterialsiwouldisubstantiallyuincreaseu
maintenanceubyurequiringuifrequenticleaninguofitheiwallsiandualsouperiodicu
replacementiofietched,icracked,loruyellowedipanels.uThisioptionimayunotibey
feasibleibecauselofitheisafetylandiengineeringurequirementsiassociatediwithu
enclosurelofitheulowerudeck.i

Theueffectiofienclosingutheulowerideckivwasianalyzedibyiremovingifromutheu
noiseimodelitheutrafficionutheuslowerideckuasiainoiseisource.uwTheisoundrlevely
benefitsiofienclosingitheullowerideckiareisummarizediiniExhibiti8i3uforually
receptorsithatiwouldiexperiencesai3rdBAuorigreaterireduction.wComparingutheu
resultsiofiExhibiti8r3itoithoselofiExhibiti8r2uishowsithaticompletelyienclosingu
theulowerideckuofithewviaductistructureiwouldiprovideionlyumoderateu
additionalitrafficunoiseureductionsicompareditoutreatingutheulowerusideuofitheu
topudeckiwithisoundiabsorptiveimaterials.u

Exhibit 8-3. Effectiveness of Enclosing the Lower Deck of the Viaduct

Receptor Represented Receptors Traffic Noise Reduction (dBA)
S8u 25IResidentialiunitsiandi75uhoteliroomst 3
S9u Commercialuusel 3
S10u Pedestrianuaccessl 11y

S14y Commercialuusel 6u
S151 Commercialuusel 3
Clu Pedestrianianduibicycleiusel 1
C Commercialuusel 3
C3 Commercialuusel el
Clu Commercialiuseu 100
C5u Commercialusel 5
Ceéu Parku 3
Cnu Parku 3

U

UnderitheiTunneliandiTunneliBypassiAlternatives,itherelareinoufeasibleu
mitigationuimeasuresitoifurtherireduceltrafficinoiseulevelsifromuAlaskaniwWayu
becauseithelAlaskaniWayusurfaceustreetiprovidesulocaliaccessutoidowntownuy
andithewwaterfrontithroughoutitheucentraliwaterfront.wTrafficunoiseulevelsi
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alongutheicentraliwaterfrontiwouldialreadyubeugreatlyireduceduunderuthoseu
alternativesicomparedutolexistingulevels.uw

ItumayubeupossibleitoureduceitrafficinoiseulevelsiunderitheiTunneliandiBypassi
TunneliAlternativesiatiReceptoriCou(theisouthienduofitheiWaterfrontiLandingu
Condominiums)ibyiconstructingiaunoiseiwalliinithewvicinityuofitheinorthuportalu
ofitheiWaterfrontitunneliasiSRi99utransitionsiontouanuaerialistructure.uw
Extendinguainoiseiwallionithemwesterniroadwayushoulderifromutheinorthi
tunneliportalifori200ufeetiwouldireduceigroundrlevelinoiselatitheisoutheastu
corneruofitheiccondominiumsubyu8idBAwwvithuanu8ifootiwalliorul 1ud B Auwithuaul 6u
footiwallu(Exhibitu814).mAtitheissouthwesticorneriofitheibuilding,itrafficinoiseu
levelsiwouldibeimuchulower,lati6 LudBAwwithoutianwall.wAtithisilocationutheu
evaluatediwallsiwoulduonlyifurtherireduceitheinoiseulevelibyi2ildBA.uwWhileu
thereuareiwindowsialongutheisouthuwalliofitheicondominiumubuilding,u
outdooruuselareasiareionithemwestisidelofithetbuildingiandishieldedifromuSRu
99;utherefore itheyiwouldiexperienceunoiseulevelsimoreusimilarutoutheu
southwesticorneriofitheubuilding.u

Exhibit 8-4. Evaluation of Noise Wall at Tunnel Transition for the Tunnel
Alternative

Wall Height Traffic Noise Traffic Noise
Modeled Receptor Location Leq (h) (dBA) Reduction (dBA)

CAiSoutheasticorneriofiWaterfrontu Nouwvally T4 Ou
LandingiCondominiumiComplexu 8ifeety 661 8l
u 16ufeety 631 1
SouthwesticorneriofiWaterfrontu Nouwvally 61u Ou
LandingiCondominiumiComplexu 8ifeety 59 2

I 16ufeety 59 2

U

UnderutheiSurfacelAlternative,iallitrafficinoiseloriginatesifromulocalisurfaceu
arterialsiwithucloselyuispaceduatigradeiconnections.ultiisinotifeasibleitoumnitigateu
trafficinoiselimpactsiunderuthisialternative.u

Mitigation of Traffic Noise in Belltown and the North Waterfront

TrafficinoiselimpactsiinuBelltownuanditheiNorthiWaterfrontioccuriasiairesultiofu
highutrafficivolumesionuthewurbanuarterialigrid.wTrafficispeedsiarelalreadyulow,u
andutransitiridershipuisithigh.wFutureutrafficulevelsiareinotipredicteditoichangeu
substantiallyuinuthisiareavasiauresultiofianyuofitheuproposeduialternatives.u
Mitigationuofitrafficinoiseulevelsuisinotifeasiblelinuthisiareaibecauseutheu
majorityuofitheutrafficinoiseuisigeneratedibyuarterialitrafficionitheucityustreetu
grid.u
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Mitigation of Traffic Noise North of the Battery Street Tunnel

NorthuofitheiBatteryuStreetiTunnel useveraliarterialsiintersectiAuroratAvenuel
(SRu99)uatigradevinurightiturnionlyuintersections.uSeveralibuildingsiwithubothu
noisersensitivelandicommercialiusesialsoudirectlyufaceiontoiAuroratAvenue.i

8.1.4 Mitigation of Ventilation Noise

Severalimethodsimayubeuuseditoicontroliventilationufanuinoiselandimeetudesignu
goals.uTheseimethodsimayuinclude:u

 Sounduattenuatorsiatitheifanioutlets,u

1 Soundiattenuatorsiatitheifanuinlets,u
 Plenumsiandushaftsitreatediwithuaisounduiabsorptiveimaterials,u
1

Treatmentiofitheiundersidelofithestunneliceilinguiwithusoundiabsorptivel
materialsiforiauminimumuofil00ufeetieachusidelofijetifanioutlets,iandu

I Sounduabsorptiveitreatmentiofitunneliwallsianduceilinguinearitunnelu
openings.l

8.2 Construction Noise

ConstructionuofianyuofitheiBuilduAlternativesiwouldirequireisubstantialu
nighttimeuconstructionuactivities;itherefore ljainighttimeunoiseuvarianceivwouldu
beurequiredifromitheuCityuofiSeattle.uBecauselofitheumagnitudeuofitheuproject,u
auitechnicalinoisewvarianceiwouldimostilikelyubeurequirediasidescribeduini
Chapteru6,iConstructionilmpacts.uwConstructioninoiseimitigationurequirementsu
wouldibeudevelopediinicoordinationiwithutheiCityuanduspecifieduinutheinoiseu
variance.uToureducelconstructionunoiselatinearbyureceptors,imitigationu
measuresisuchuasitheifollowingucouldibesincorporatediintoiconstructionuplans, i
contractoruspecifications,landivarianceirequirements:u

I Developuaiconstructioninoiseitmanagementiandimonitoringuplanuthaty
establishesispecificinoiseulevelsithatimayunotibelexceededubyutheu
contractoruiforuvariousiactivitiesiduringuspecificitimeuperiods.uThisu
woulduestablishuaisetuofinoiseulimitsithaticouldubeimetibyitheicontractoru
whileustilluprotectingutheupublicifromuexcessiveinoiselimpacts.u

f  Crushingiandurecyclinguoficoncreteloffisite lawayuifromunoiseisensitivel
uses,iwouldidecreaseiconstructioninoiselimpacts.ulfirecycledionisite,u
anuoperationsiplaniwouldibeirequiredutoudefineitheulocationsiandu
hoursiofioperations.uu
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f  Constructitemporaryunoiseubarriersioricurtainsiaroundustationaryu
equipmentiandulongrtermuworkuareasithatumustibeulocateducloseutou
residencesiwouldidecreaselinoiseulevelsiatinearbyusensitiveureceptors.u
ThisucouldireducelequipmentinoiseubyubitouilOudBA.I

f Limititheunoisiesticonstructionuactivitiesitoubetweenu7ia.m.iandilOup.m.u
oniweekdaysiandibetweenu9ua.m.iandulOup.m.ionivweekendsivwouldy
reduceiconstructionunoiseulevelsiduringisensitiveinighttimeuhours.mAu
noiseuwvarianceiwouldibeurequiredifromuthelCityuofiSeattleuforu
constructionubetweeni10up.m.iandi7ia.m.toniweekdaysiandibetweeni
10up.m.uiandi9ua. m.uonivweekends.l

 Equipuiconstructioniequipmentienginesiwithiadequateimufflers,iintakeu
silencers,landienginelenclosures;ithisicouldireduceitheirinoiseibyusutou
10udBAW(USEPAI1971).u

f  Useutheuquietestiequipmentiavailable;ithisicoulduireduceinoiseuibyuSutou
10udBA.Y

f RequireicontractorsitouuselOSHAIapprovediambientisoundilevelu
sensingubackupualarms;ithisicouldireduceudisturbancesitounearbyu
residentsifromubackupualarmsiduringuquieteriperiods.u

f Turnwofficonstructioniequipmentiduringuprolongeduperiodsiofinoniuse;u
thisicouldieliminateunoiserfromiconstructioniequipmentiduringithosel
periods.uw

f Requireicontractorsitoumaintainualliequipmentianditrainutheiru
equipmentioperators;ithisicouldireduceunoiseulevelsiandiincreaseu
operationaliefficiency.mwOutrofispecificationumufflersicaniincreaseu
equipmentinoiseubyul0utoi20udBA.u

' Whereupossible ulocateustationaryiequipmentiawayufromusensitivel
receivinguproperties.u

1 Provideiai24thourninoiseicomplaintuline.u

1 Notifyunearbyuresidentsiprioritouperiodsiofiintenseinighttimei
construction.u

" Wherelamenable,iprovideiheavyimwindowicoveringsioriotheru
temporaryusoundproofingumaterialioniadjacentubuildingsiforuinighttimeu
noisersensitiveulocationsiwhereuprolongediperiodsiofiintenseinighttimeu
constructionuoccurs.u
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8.3 Construction Vibration

Impactipileidrivingiwouldiberthesmostisignificantisourcelofuvibrationuforuthisu
project.uPotentialimeasuresitoireducenvibrationifromuimpactipileidrivinguthatu
canubewusedibyutheiContractor,iwhenuappropriateiforispecificisiteiconditions,
are:l

 JettingiThewuselofiaumixturelofiairiandivwaterupumperithroughiathighi
pressureinozzleitolerodeitheusoiliadjacentitoutheupilestoufacilitateu
placementuiofitheupile.u

f  PredrillinguPredrillinguatholeiforiaupileicanibewuseditouplacestheupilesaty
orinearuitsidesignuidepthieliminatingumostiorialliimpactidriving.u

f Castriniplaceloriaugerupilesi—Eliminatesiimpactidrivinguiandulimitsy
vibrationutoutheulowerulevelsigeneratedibyudrilling.u

f Pilewicushioningi—Auresilientumaterialiplacedibetweenutheudrivingu
hammeruanditheupile.w

f  Alternativeinonimpactudriversi—iSeveralitypesiofiproprietaryupiler
drivingusystemsihaveubeenuidesignedispecificallyutoureduceuthelimpactt
induceduvibrationubyuusingitorquelandidownipressureiorihydraulici
staticiloading.uTheseimethodsiwouldibelexpecteditousignificantlyu
reduceladverseuwvibrationieffectsifromupileiplacement.u

Vibrationufromuothericonstructioniactivitiesicanubeuwreducedubyueitheru
restrictingutheirioperationutouprerdetermineduidistancesifromuhistoricistructuresy
oruiotherusensitiveureceivers,ioritheiuselofialternativeliequipmentioru
constructionimethods.wAniexampleiwouldubeitheiuselofisawslorurotaryurocki
cuttinguheadsitoucutibridgeudecksioriconcreteislabsiinsteadiofiathoeiram.u

TheuContractoriwouldibeirequireditoumonitorivibrationiatitheuinearestihistorici
structurelorusensitivelreceiverutoitheiconstructionuactivities.wTheumonitoredu
datauwillibescomparedutoutheuproject’sivibrationucriteriaitolensureithatigroundu
vibrationulevelsidounotiexceeditheidamagetriskucriteriaiforuhistoriciandinon:
historicibuildings.u

U

I
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